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OBJECTIVE LENS, COUPLING LENS, LIGHT CONVERGING OPTICAL 
SYSTEM, AND OPTICAL PICK-UP APPARATUS 

BACKGROUND OF THE INVENTION 

The present invention relates to an objective lens, 
coupling lens, light converging optical system, and optical 
pick-up apparatus for the recording and/or reproducing of an 
optical information recording medium. 

Recently, according to the practical use of the short 
wavelength red semiconductor laser, a DVD (digital versatile 
disk) whose dimension is almost the same as a CD (compact 
disk) which is the conventional optical disk (optical 
information recording medium) , and whose capacity is greater 
and whose density is larger, is developed and comes into 
products, and it is presumed that, in the near future, the 
next generation optical disk with the higher density comes 
into the market. In the optical system of the optical 
information recording and reproducing apparatus in which such 
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the next generation optical disk is the medium, in order to 
attain the densif ication of the recording signal or to 
reproduce the high density recording signal, it is required 
that the diameter of the spot converged onto the information 
recording surface through the objective lens is decreased. 
In order to attain this, the reduction of the wavelength of 
the laser as the light source, or the increase of the 
numerical aperture of the objective lens, is necessary. A 
laser whose application as the short wavelength laser light 
source is expected, is a blue violet semiconductor laser 
having the oscillation wavelength of about 400 nm. 

In this connection, when the reduction of the 
wavelength of the laser light source or the increase of the 
numerical aperture of the lens is intended, it is presumed 
that even a problem which can be almost negligible in the 
optical pick-up apparatus composed of the combination of the 
comparatively longer wavelength laser light source and low 
numerical aperture objective lens, in which the information 
is recorded or reproduced for the conventional optical disk 
such as the CD or DVD, becomes more prominent. 

One of them is a problem of the axial chromatic 
aberration generated on the objective lens due to the minute 
variation of the oscillation wavelength of the laser light 
source. A change of refractive index due to minute 
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wavelength variation of the common optical lens material 
becomes large as the short wavelength is processed. 
Accordingly, the defocus amount of the focal point generated 
due to the minute wavelength variation becomes large. 
However, as can be seen from a fact that the focal depth of 
the objective lens is expressed by k • ?i/NA^ {k: 
proportional constant, X is the wavelength, and NA is the 
image side numerical aperture of the objective lens), the 
shorter the using wavelength is, the focal depth is smaller, 
thereby, the slight defocus is not allowable. Accordingly, 
in the optical system using the short wavelength light source 
such as the blue violet semiconductor laser, and the 
objective lens of the high numerical aperture, in order to 
prevent the mode hop phenomenon or the variation of the 
wavelength due to the output change, and the deterioration of 
the wave front aberration by the high frequency 
superimposition, the correction of the axial chromatic 
aberration becomes important. 

Further, another problem which becomes prominent in the 
reduction of the wavelength of the laser light source and the 
increase of the numerical aperture of the objective lens is 
the variation of the spherical aberration of the optical 
system due to the temperature • humidity change. That is, a 
plastic lens commonly used in the optical pick-up apparatus 
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is easily deformed due to the temperature or humidity change, 
and further, the refractive index is largely changed. Also 
the variation of the spherical aberration due to the change 
of the refractive index which is not so much problem in the 
optical system used in the conventional optical pick-up 
apparatus, becomes not negligible amount, in the reduction of 
the wavelength of the laser light source and the increase of 
the numerical aperture of the objective lens. 

Further, yet another problem which becomes prominent in 
the reduction of the wavelength of the laser light source and 
the increase of the numerical aperture of the objective lens 
is the variation of the spherical aberration of the optical 
system due to the thickness error of the protective layer 
(called also [transparent substrate] ) of the optical disk. 
It is well known that the spherical aberration generated due 
to the thickness error of the protective layer is generated 
in proportion to 4-th power of the numerical aperture of the 
objective lens. Accordingly, as the numerical aperture of 
the objective lens is increased, the influence of the error 
of the thickness of the protective layer is increased, and 
there is a possibility that the stable recording or 
reproducing of the information can not be conducted. 

Further, because the plastic lens has larger change of 
the refractive index or shape due to the temperature change 
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as compared to the glass lens, it is easily happened that the 
deterioration of the performance thereby becomes a problem. 
Because this deterioration of the performance, that is, the 
increase of the spherical aberration is larger as the NA is 
increased, (generally, it is increased in proportion to the 
4-th power of NA) , when there is the temperature change of 
about 30 °C in the objective lens with the NA more than 0.70 
formed of the plastic material, there is a possibility that 
the recording and/or reproducing of the information is 
hindered. Further, when the objective lens whose NA is large 
and whose diameter is small, is composed of 2 positive 
lenses, because the working distance tends to be small, there 
is a problem that a possibility in which the objective lens 
is brought into contact with the optical information 
recording medium by the warping of the optical information 
recording medium, is large. 

In view of the above described problems of the 
conventional technology, an object of the present invention 
is to provide an objective lens which is low cost and light 
weight in the same manner as the conventional plastic single 
lens, although it is a high performance objective lens, 
corresponding to the increase of the numerical aperture (NA) 
of the objective lens. 
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Further, an object is to provide an objective lens for 
recording and/or reproducing of the optical information 
recording medium in which the applicable temperature range is 
large, even when it is a high NA objective lens composed of 2 
positive lenses formed of plastic material. 

Further, an object is to provide an objective lens for 
recording and/or reproducing of the optical information 
recording medium in which the diameter is small and the 
working distance is large, even when it is a high NA 
objective lens composed of 2 positive lenses. 

Further, an object is to provide a coupling lens by 
which the axial chromatic aberration generated in the 
objective lens due to the mode hop phenomenon of the laser 
light source or the high frequency superimposition can be 
corrected, and which is structured at low cast. 

Further, an object is to provide a light converging 
optical system and an optical pick-up apparatus by which the 
variation of the spherical aberration generated in each 
optical surface due to the change of the oscillation 
wavelength of the laser light source, temperature - humidity 
change, or the error of the thickness of the transparent 
substrate of the optical information recording medium, can be 
effectively corrected by a simple structure. 
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Further, an object is to provide a light converging 
optical system and an optical pick-up apparatus by which the 
axial chromatic aberration generated in the objective lens 
due to the mode hop phenomenon of the laser light source or 
the high frequency superimposition can be effectively 
corrected . 

Further, an object is to provide a light converging 
optical system and an optical pick-up apparatus which is 
provided with a short wave laser light source and an 
objective lens with high numerical aperture, and by which the 
information can be recorded or reproduced for the optical 
information recording medium having a plurality of recording 
layers with the transparent substrate among them. 

In this connection, as the high NA objective lens whose 
NA is larger than 0.7, a lens in which, when the refracting 
power is distributed to 4 surfaces by structuring by 2 
positive lenses, and the radius of curvature of each surface 
is increased, the error sensitivity at the time of the metal 
mold processing or lens molding is moderated, is proposed. 
However, when the objective lens in which the NA is large in 
this manner and the diameter is small, is structured hy 2 
positive lenses, because the working distance tends to be 
reduced, there is a problem that the possibility in which the 
objective lens is in contact with the optical information 
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recording medium due to the warping of the optical 
information recording medium, is large. 

Further, because the plastic lens has large change of 
the refractive index and the shape due to the temperature as 
compared to the glass lens, the performance deterioration 
thereby easily becomes problem. This performance 
deterioration, that is, because the increase of the spherical 
aberration is larger as the NA is increased (generally, it is 
increased in proportion to 4-th power of the NA) , in the 
objective lens formed of the plastic lens with more than NA 
of 0.7, when the temperature change is about 3 0 °C, there is 
a possibility that the trouble occurs in the recording and/or 
reproducing of the information. 

Further, another problem which is actualized in the 
reduction of the wavelength of the laser light source and the 
increase of the numerical aperture of the objective lens, is 
the variation of the spherical aberration generated in the 
objective lens due to the minute variation of the oscillation 
wavelength of the light source. The semiconductor laser used 
as the light source in the optical pick-up apparatus has the 
dispersion of ± 10 nm among individual elements. When the 
semiconductor laser having the oscillation wavelength 
dislocated from the reference wavelength is used as the light 
source, because the spherical aberration generated in the 
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objective lens is increased as the numerical aperture is 
increased, the semiconductor laser having the oscillation 
wavelength dislocated from the reference wavelength can not 
be used, and it is necessary to select the semiconductor 
laser to be used as the light source. 

When the high density next generation optical disk as 
de scribed above comes into the practical use, for the 
recording and reproducing apparatus • optical pick-up 
apparatus for such the high density optical disk, the 
interchangeability is required so that the recording • 
reproducing is possible also for even the conventional 
optical disk such as the DVD. 

Further, presently, although the diffractive optical 
element is used as the high performance aberration correction 
element in the optical pick-up apparatus, in such the 
diffractive optical element, in order to prevent the decrease 
of the diffraction efficiency, it is important that the 
diffractive structure is formed in the shape as close as 
possible to the design value. However, when the diffractive 
optical element is used for the optical pick-up apparatus 
using the objective lens of the short wavelength light source 
such as the blue violet semiconductor laser in which th.e 
practical use is presumed in the near future as described 
above, or the high numerical aperture, because the 
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diffracting power necessary for the correction of chromatic 
aberration is increased, the period of the diffractive 
structure, for example, the interval of the blaze of the 
blaze structure is about several times of the using 
wavelength, that is, about several [m. Presently, in the 
diamond super precision cutting technology (SPDT) generally 
used as the production method of the metal mold of the 
diffractive optical element, because the shape of the tip of 
the bite is transferred onto the step difference of the blaze 
structure, the phase unconformity portion is surely 
generated. Therefore, in the case of the diffractive 
structure in which the period is so small degree as several 
times of the using wavelength, because the influence of the 
phase unconformity portion is largely appears, there is a 
problem that the sufficient diffraction efficiency can not be 
obtained . 

As the widely known method to form the diffractive 
structure having the small period of about several jim, the 
electronic beam drawing method exists, and the flow of the 
formation of the diffractive structure by this method is as 
follows. Initially, the photo resist is coated on a board, 
and next, while the electronic beam exposure apparatus is 
scanning on the photo resist, the electronic beam exposure 
amount distribution corresponding to the shape distribution 
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of the diffractive structure is given. Next, the photo 
resist is removed through the etching process and the plating 
process, and the convex and concave pattern of the 
diffractive structure is formed on the board. As the 
diffractive element in which the minute blaze structure is 
formed on the plane board by such the electronic beam drawing 
system, a diffractive lens according to Optics Japan 99', 23a 
A2 (1999) is known. 

However, in the diffractive optical element used for 
the optical pick-up apparatus, because the diffracting action 
by the diffractive structure and the refracting action in the 
refractive surface are adequately combined and the aberration 
correction is conducted, there is a problem that the above 
diffractive lens in which the diffractive structure is formed 
on the plane board having no refracting power can not be used 
for the optical pick-up apparatus as the aberration 
correction element. 

The object of the present invention is to provide a 
coupling lens, light converging optical system, optical pick- 
up apparatus, recording apparatus and reproducing apparatus, 
by which the axial chromatic aberration generated in the 
objective lens due to the mode hop phenomenon of the laser 
light source is effectively corrected. 
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Further, the object of the present invention is to 
provide a diffractive optical element which is an optical 
element having the diffractive structure used for the optical 
pick-up apparatus, and which has the shape in which the 
diffractive structure can be formed by the electronic beam 
drawing system, and the optical pick-up apparatus provided 
with such the diffractive optical element. 

SUMMARY OF THE INVENTION 

(1) In order to attain the above object, the objective lens 
described in (1) is characterized in that it is an objective 
lens for recording and/or reproducing of the optical 
information recording medium, and composed of the first lens 
of the positive refracting power and the second lens of the 
positive refracting power which are arranged in order from 
the light source side, and the first lens and the second lens 
are formed of the material whose specific gravity is 
respectively not more than 2.0, and satisfy the following 
expression . 

NA ^ 0.70 (1) 

Where, NA: a predetermined image side numerical 
aperture necessary for recording and/or reproducing of the 
optical information recording medium. 
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(2) Further, an objective lens described in (2) is 
characterized in that it is an objective lens for recording 
and/or reproducing of the optical information recording 
medium, and composed of the first lens of the positive 
refracting power and the second lens of the positive 
refracting power which are arranged in order from the light 
source side, and the first lens and the second lens are 
respectively formed of plastic material, and satisfy the 
following expression. 

NA ^ 0.70 (1} 

Where, NA: a predetermined image side numerical 
aperture necessary for recording and/or reproducing of the 
optical information recording medium. 

(3} Further, an objective lens described in (3) is 
characterized in that, in (1) or (2), from the first surface 
to the third surface, at least 2 surfaces are aspherical 
surfaces . 
[0020] 

(4) Further, an objective lens described in (4) is 
characterized in that it satisfies the following expression 
in any one of (1) to (3) . 

1.1 ^ fl/f2 ^ 3.3 (2) 

Where, fi: the focal distance of the i-th lens. 
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(5) An objective lens described in (5) is characterized in 
that it satisfies the following expression. 

0.3 ^ (r2 + rl)/(r2- rl) ^3.2 (3) 

Where, ri : the paraxial radius of curvature of each 
surface 

(6) An objective lens described in (6) is characterized in 
that, in any one of (1) to (5), it is formed of the material 
whose using wavelength is not larger than 50 0 nm, and whose 
internal transmittance at the 3 mm thickness in the using 
wavelength area is not smaller than 85 %. 

(7) Further, an objective lens described in (7) is 
characterized in that, in any one of (1) to (6) , the 
thickness of the transparent substrate of the optical 
information recording medium onto which the recording and/or 
reproducing of the information is conducted, is not larger 
than 0.6 mm . 

(8) Further, an objective lens described in (8) is 
characterized in that, in any one of (1) to (7), it is formed 
of the material whose saturation water absorption is not 
larger than 0.5 % . 

(9) Further, an objective lens described in {9} is 
characterized in that it is an objective lens for recor-ding 
and/or reproducing of the optical information recording- 
medium and composed of the first lens of the positive 
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refracting power and the second lens of the positive 
refracting power which are arranged in order from the light 
source, and the first lens and the second lens are 
respectively formed of the material whose specific gravity is 
not larger than 2.0, and have the ring-shaped diffractive 
structure at least on one surface, and satisfy the following 
expression . 

Vdi ^ 65.0 (4) 

NA ^ 0 . 7 0 ( 5 ) 

Where, vdi: Abbe's number (i = 1 and 2) of d line of 
the i-th lens, and NA : a predetermined image side numerical 
aperture necessary for recording and/or reproducing of the 
optical information recording medium. 

(10) Further, an objective lens describe din (10) is 
characterized in that it is an objective lens for recording 
and/or reproducing of the optical information recording 
medium, and is composed of the first lens of the positive 
refracting power and the second lens of the positive 
refracting power which are arranged in order from the light 
source, and the first lens and the second lens are 
respectively formed of the plastic material, and have the 
ring-shaped diffractive structure at least on one surface, 
and satisfy the following expression. 
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Vdi ^ 55.0 (4) 
NA ^ 0.70 (5) 

Where, vdi: Abbe's number {i = 1 and 2) of d line of 
the i-th lens, and NA : a predetermined image side numerical 
aperture necessary for recording and/or reproducing of the 
optical information recording medium. 

(11) Further, an objective lens described in (11) is 
characterized in that, from the first surface to the third 
surface in (9) or (10) , at least 2 surfaces are aspherical 
surfaces . 

(12) Further, an objective lens described in (12) is 
characterize in that, in any one of (9) to (11) , when the 
order of the diffracted light ray having the maximum 
diffracted light amount in the diffracted light ray generated 
in the diffractive structure of the i-th surface in the 
diffractive structure is ni, the ring-shaped zone number of 
the i-th surface is Mi, the minimum value of the ring-shaped 
zone interval is Pi (mm) , the focal distance of the whole 
objective lens system is f (mm) , and the using wavelength is 
X (mm) , it satisfies the following expression. 

0.04 ^ X -f -Z (ni/(Mi • Pi^)) ^ 0.3 (6) 
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(13) Further, An objective lens described in (13) is 
characterized in that, in any one of (9) to (12), it 
satisfies the following expression. 

1.1 ^ fl/f2 ^ 3.3 (7) 

Where, fi: the focal distance of the i-th lens (when 
the i-th lens has the diffractive structure, the focal 
distance of the whole system of the i-th lens in which the 
refractive lens and the diffractive structure are combined.) 

(14) An objective lens described in (14) is characterized in 
that, in any one of (9) to (13) , it satisfies the following 
expression. 

0. 3 ^ (r2 + rl) / (r2 - rl) ^ 3.2 (8) 
Where, ri : the paraxial distance radius of each 
surface 

(15) Further, an objective lens described in (15) is 
characterized in that, in any one of (9) to (14), it is 
formed of the material whose using frequency is not lar-ger 
than 500 nm, and whose internal transmittance at the 3 mm 
thickness in the using frequency area is not smaller than 85 

(16) Further, an objective lens described in (16) is 
characterized in that, in any one of (9) to (15) , the 
thickness of the transparent substrate of the optical 
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information recording medium onto which the information is 
recorded and/or reproduced is not more than 0.6 mm. 

(17) Further, an objective lens described in {17} is 
characterized in that, in any one of (9) to (16), the n-th 
order diffracted light amount generated in the diffractive 
structure is larger than the diffracted light amount of any 
other order, and in order to record and /or reproduce the 
information onto the optical information recording medium, 
the n-th order diffracted light ray generated in the 
diffractive structure can be converged onto the information 
recording surface of the optical information recording 
medium. Herein, n is an integer except for 0, ±1. 

(18) Further, an objective lens described in (18) is 
characterized in that, in any one of (9) to (17) , it is 
formed of the material whose saturated water absorption is 
not larger than 0.5 % . 

(19) Further, an objective lens described in (19) is 
characterized in that it is an objective lens for recording 
and/or reproducing of the optical information recording 
medium, and composed of the first lens of the positive 
refracting power and the second lens of the positive 
refracting power which are arranged in order from the light 
source side, and the first lens and the second lens are 
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respectively formed of the plastic material , and satisfy the 
following expression. 

0.09 ^ WD/f ^ 0.24 (9) 

Where, WD: the working distance of the objective lens 
and f: the focal distance of the objective lens. 

(20) Further, an objective lens described in (20) is 
characterized in that, in (19) , in from the first surface to 
the third surface, at least 2 surfaces are aspherical 
surfaces . 

(21) Further, an objective lens described in (21) is 
characterized in that, in (19) or (20), it satisfies the 
following expression. 

1.1 ^ fl/f2 ^ 5.0 (10) 

Where, fi: the focal distance of the i-th lens. 

(22) Further, an objective lens in (22) is characterized in 
that, in any one item of (19) to (21) , it satisfies the 
following expression. 

0.3 ^ (r2 + rl)/(r2 - rl) ^ 4.8 (11) 
Where, ri : the paraxial distance radius of each 
surface . 

(23) Further, an objective lens described in (23) is 
characterized in that, in any one of (19) to (22) , it is 
formed of the material whose using frequency is not laarger 
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than 500 nm, and whose internal transmittance at the 3 mm 
thickness in the using frequency area is not smaller than 85 

(24) Further, an objective lens in (23) is characterized in 
that, in any one of (19) to (24), a predetermined image side 
numerical aperture necessary for recording and/or reproducing 
of the optical information recording medium is not smaller 
than 0.70, and the thickness of the transparent substrate of 
the optical information recording medium is not larger than 
0.6 mm . 

(25) Further, an objective lens described in (25) is 
characterized in that, in any one of (19) to (24) , it is 
formed of the material whose saturated water absorption is 
not larger than 0.5 % . 

(26) Further, an objective lens described in (19) is 
characterized in that it is an objective lens for recording 
and/or reproducing of the optical information recording 
medium, and composed of the first lens of the positive 
refracting power and the second lens of the positive 
refracting power which are arranged in order from the light 
source side, and a predetermined image side numerical 
aperture necessary for recording and/or reproducing the 
optical information recording medium is not smaller than 
0.70, and the following expression is satisfied. 
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0.07 ^ WD/ENP ^ 0.20 (12) 

Where, WD: the working distance of the objective lens, 
and ENP: the entrance pupil diameter of the objective lens. 

(27) Further, an objective lens described in (27) is 
characterized in that, in the first surface to the third 
surface, at least 2 surfaces are aspherical surfaces. 

(28) Further, an objective lens described in (28) is 
characterized in that, in (26) or (27) , it satisfies the 
following expression. 

1.1 ^ fl/f2 ^ 5.0 (13) 

Where, fi: the focal distance of the i-th lens. 

(29) An objective lens described in (29) is characterized in 
that, in any one of (26) to (28) , it satisfies the following 
expression. 

0.3 ^ (r2 + rl)/(r2 - rl) ^ 4.8 (14) 

Where, ri : the paraxial distance radius of each surface 

(30) Further, an objective lens is characterized in that, in 
any one of (26) to (29) , it is formed of the material whose 
using wavelength is not larger than 500 nm, and whose 
internal transmittance at the 3 mm thickness in the using 
wavelength area is not smaller than 85 %. 

(31) Further, an objective lens described in (31) is 
characterized in that, in any one of (26) to (30) , the 
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thickness of the transparent substrate of the optical 
information recording medium onto which recording and/or 
reproducing of the information is conducted, is not larger 
than 0 . 6 mm . 

(32) Further, an objective lens described in (32) is 
characterized in that, in any one of (26) to (31) , it is 
formed of the material whose saturated water absorption is 
not larger than 0.5 %. 

(33) Further, a light converging optical system described in 

(33) is characterized in that it is a light converging 
optical system for recording and/or reproducing including the 
light source and the objective lens converging the light flux 
emitted from the light source onto the information recording 
surface through the transparent substrate of the optical 
information recording medium, wherein the objective lens is 
an objective lens described in any one of (1) to (32), and 
between the light source and the objective lens, a spherical 
aberration correction means for correcting the variation of 
the spherical aberration generated on each optical surface of 
the light converging optical system, is provided. 

(34) Further, a light converging optical system described in 
(34) is characterized in that it is a light converging 
optical system for recording and/or reproducing including the 
light source and the objective lens converging the light flux 



23 



4803 



emitted from the light source onto the information recording 
surface through the transparent substrate of the optical 
information recording medium, wherein the objective lens is 
an objective lens described in any one of (1) to (32) , and 
between the light source and the objective lens, a spherical 
aberration correction means for correcting the variation of 
the spherical aberration generated on each optical surface of 
the light converging optical system due to the temperature • 
humidity change, is provided. 

(35) Further, a light converging optical system described in 
(35) is characterized in that it is a light converging 
optical system for recording and/or reproducing including the 
light source and the objective lens converging the light flux 
emitted from the light source onto the information recording 
surface through the transparent substrate of the optical 
information recording medium, wherein the objective lens is 
an objective lens described in any one of (1) to (32) , and 
between the light source and the objective lens, a spherical 
aberration correction means for correcting the variation of 
the spherical aberration generated on each optical surface of 
the light converging optical system due to the minute 
variation of the transparent substrate thickness of the 
information recording medium, is provided. 
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(36) Further, a light converging optical system described in 

(36) is characterized in that it is a light converging 
optical system for recording and/or reproducing including the 
light source and the objective lens converging the light flux 
emitted from the light source onto the information recording 
surface through the transparent substrate of the optical 
information recording medium, wherein the objective lens is 
an objective lens described in any one of (1) to (32), and 
when light-converging is conducted onto the different 
recording layers, the objective lens is moved in the optical 
axis direction, and between the light source and the 
objective lens, a spherical aberration correction means for 
correcting the variation of the spherical aberration 
generated due to the difference of the transparent substrate 
thickness in the different recording layers of the 
information recording medium, is provided. 

(37) Further, a light converging optical system described in 
(37) is characterized in that it is a light converging 
optical system for recording and/or reproducing including the 
light source and the objective lens converging the light flux 
emitted from the light source onto the information recording 
surface through the transparent substrate of the optical 
information recording medium, wherein the objective lens is 
an objective lens described in any one of (1) to (32) , and 
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between, the light source and the objective lens, a spherical 
aberration correction means for correcting the variation of 
the spherical aberration generated on each optical surface of 
the light converging optical system due to the minute 
variation of the oscillation wavelength of the light source, 
is provided. 

(38) Further, a light converging optical system described in 
(3 8) is characterized in that it is a light converging 
optical system for recording and/or reproducing including the 
light source and the objective lens converging the light flux 
emitted from the light source onto the information recording 
surface through the transparent substrate of the optical 
information recording medium, wherein the objective lens is 
an objective lens described in any one of (1) to (32) , and 
between the light source and the objective lens, a spherical 
aberration correction means for correcting the variation of 
the spherical aberration generated on each optical surface of 
the light converging optical system due to at least 2 
combinations of the temperature • humidity change, variation 
of the transparent substrate thickness of the information 
recording medium, and the variation of the oscillation 
wavelength of the light source, is provided. 

(39) Further, a light converging optical system described in 
(39) is characterized in that, in any one of (33) to (38), in 



26 



4803 



the spherical aberration correction means, the refractive 
index distribution is variable. 

(40) Further, a light converging optical system described in 

(40) is characterized in that, in any one of (33) to (38) , 
the spherical aberration correction means includes at least 
one positive lens and at least one negative lens, and has the 
structure of a beam expander which emits almost parallely the 
almost parallely incident light flux, and at least one lens 
is structured as a movable element which can be displaced 
along the optical axis direction. 

(41) Further, a light converging optical system described in 

(41) is characterized in that, in (40) , the positive lens and 
the negative lens satisfy the next expression. 

V dp > V dN (15) 

Where, v dP : the average value of Abbe's number of d 
line of the positive lens included in the spherical 
aberration correction means, and v dN: the average value of 
Abbe's number of d line of the negative lens included in the 
spherical aberration correction means. 

(42) Further, a light converging optical system described in 
(42) is characterized in that, in (41), the positive lens and 
the negative lens satisfy the next expression. 

V dP > 55.0 (16) 
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V dN < 35.0 (17) 
(43) Further, a light converging optical system described in 

(43) is characterized in that, in (42) , the difference 
between the average value of Abbe's number of d line of the 
positive lens included in the spherical aberration correction 
means and the average value of Abbe's number of d line of the 
negative lens included in the spherical aberration correction 
means, is Av, and it satisfies the following expression, and 
the movable element is formed of the material whose specific 
gravity is not more than 2.0. 

30 ^ Av ^ 50 (18) 

(44) Further, a light converging optical system described in 

(44) is characterized in that, in (40), Abbe's number of all 
positive lenses included in the spherical aberration 
correction means is not larger than 70.0, or Abbe's number of 
all negative lenses included in the spherical aberration 
correction means is not smaller than 4 0.0, and at least one 
of the positive lens and the negative lens is provided with 
the diffractive surface having at least one ring-shaped 
diffractive structure. 

(45) Further, a light converging optical system described in 
(45) is characterized in that, in (44), the movable element 
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is formed of the material whose specific gravity is not 
larger than 2.0. 

(46) Further, a light converging optical system described in 

(46) is characterized in that, in (44) or (45), the spherical 
aberration correction means is formed of the plastic 
material . 

(47) Further, a light converging optical system described in 

(47) is characterized in that, in (46), the spherical 
aberration correction means is formed of the material whose 
saturated water absorption is not larger than 0.5 %. 

(48) Further, a light converging optical system described in 

(48) is characterized in that, in any one of (44) or (47) , 
the n-th order diffracted light amount generated in the 
diffractive structure is larger than the diffracted light 
amount of any other order, and in order to record and /or 
reproduce the information onto the optical information 
recording medium, the n-th order diffracted light ray 
generated in the diffractive structure can be converged onto 
the information recording surface of the optical information 
recording medium. Herein, n is an integer except for 0, ±1. 

(49) Further, a light converging optical system described in 
(49) is characterized in that, in any one of (40) to (48), it 
is formed of the material whose using frequency is not larger 
than 500 nm, and whose internal transmittance at the 3 mm 
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thickness in the using frequency area is not smaller than 85 
%. 

(50) Further, a light converging optical system described in 

(50) is characterized in that, in any one of (40) to (49) , 
the spherical aberration correction means is composed of one 
positive lens and at least one negative lens, and has at 
least one aspherical surface, and at least one lens is 
structured as a movable element which can be displaced along 
the optical axis direction. 

(51) Further, a light converging optical system described in 

(51) is characterized in that, in (50) , the movable element 
is displaced along the optical axis direction in such a 
manner that, when the spherical aberration of the light 
converging optical system is varied to the over side, the 
interval between the positive lens and the negative lens is 
decreased, and when the spherical aberration of the light 
converging optical system is varied to the under side, the 
interval between the positive lens and the negative lens is 
increased. 

(52) Further, a light converging optical system described in 
(52) is characterized in that, in any one of (33) to (51), it 
satisfies the following expression. 

NA ^ 0.70 (19) 
t ^ 0.6 mm (20) 
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X ^ 500 nm (21) 
Where, NA: a predetermined image side numerical 
aperture of the objective lens necessary for recording and/or 
reproducing onto the optical information recording medium, t: 
the thickness of the transparent substrate of the optical 
information recording medium, and X: the wavelength of the 
light source. 

(53) Further, a light converging optical system described in 

(53) is characterized in that, in any one of (33) to (52), 
the spherical aberration correction means and the axial 
chromatic aberration of the composite system of the objective 
lens satisfy the following expression. 

|6fB • NaM ^ 0.25 |Llm (22) 

Where, 6fB : the change (^im) of the focal position of 
the composite system when the wavelength of the light source 
changes by + 1 nm. 

(54) Further, a coupling lens described in (54) is 
characterized in that it is a coupling lens which collxmates 
the light from the light source for recording and/or 
reproducing of the optical information recording medium and 
makes it enter into the objective lens, and the axial 
chromatic aberration is excessively corrected so that the 
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focal distance is longer to the wavelength which is 10 nm 
shorter than the using wavelength. 

(55) Further, a coupling lens described in (55) is 
characterized in that, in (54), it is composed of a single 
lens in which at least one surface is made an aspherical 
surface whose radius of curvature is larger as it separates 
from the optical axis, and at least one surface is made a 
diffractive surface formed of a plurality of concentric ring- 
shaped zone step difference. 

(56) Further, a coupling lens described in (56) is 
characterized in that, in (55), the surface on the light 
source side is macroscopically spherical diffractive surface, 
and the surface far from the light source is an aspherical 
surface whose radius of curvature is larger as it separates 
from the optical axis. 

(57) Further, a coupling lens described in (57) is 
characterized in that, in (55) or (56), when an integer 
showing about what times of the using wavelength X (mm) is 
the product of the length of the step difference in the 
optical axis direction between the adjoining ring-shaped 
zones and the difference of the diffraction rate before and 
after the diffractive surface, which is the diffraction order 
of the diffractive surface, is n, the number of the ring- 
shaped zones of the diffractive surface is M, the minimum 
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value of the ring-shaped zone interval is P (mm) , and the 
focal distance of the whole coupling system is f c (mm) , it 
satisfies the following expression. 

0.20 ^ n -fc • X/ {M -P^) ^ 1.0 (23) 

(58) Further, a coupling lens described in (58) is 
characterized in that, in any one of (55) or (57), the n-th 
order diffracted light amount generated in the diffractive 
structure is larger than the diffracted light amount of any 
other order, and in order to record and /or reproduce the 
information onto the optical information recording medium, 
the n-th order diffracted light ray generated in the 
diffractive structure can be converged onto the information 
recording surface of the optical information recording 
medium. Herein, n is an integer except for 0, ±1. 

(59) Further, a coupling lens described in (59) has, in 
(54), a one group 2 composition structure in which a positive 
lens with relatively larger Abbe's number, and a negative 
lens with relatively smaller negative lens are cemented. 

(60) Further, a coupling lens described in (60) is 
characterized in that, in (59), it satisfies the following 
expression, and an aspherical surface is provided on at least 
one surface of the positive lens and the negative lens . 

VdP > 55.0 (24) 
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VdN < 35 . 0 (25) 

Where, vdP : Abbe's number of d line of the positive 

lens 

VdN : Abbe's number of d line of the negative lens. 

(61) Further, a coupling lens described in (61) is 
characterized in that, in any one of (54) to (60), it is 
formed of the material whose specific gravity is not larger 
than 2.0. 

(62) Further, a coupling lens described in (62) is 
characterised in that, in (61), it is formed of the plastic 
material . 

(63) Further, a coupling lens described in (63) is 
characterized in that, in (52), it is formed of the plastic 
material whose saturated water absorption is not larger than 
0.5 %. 

(64) Further, a coupling lens described in (64) is 
characterized in that it is a light converging optical system 
for recording and/or reproducing including the light source 
and the objective lens converging the light flux emitted from 
the light source onto the information recording surface 
through the transparent substrate of the optical information 
recording medium, wherein an coupling lens described in any 
one of (54) to (63) , is provided between the light source 
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and the objective lens, and the variation of the spherical 
aberration generated on each optical surface of the light 
converging optical system is corrected by displacing the 
coupling lens in the optical axis direction. 
(6 5) Further, the light converging apparatus described in 

(65) is characterized in that, in (64) , the variation of the 
spherical aberration generated by the minute difference of 
the oscillation wavelength of the light source is corrected. 

(66) Further, the light converging apparatus described in 

(66) is characterized in that, in (65), the variation of the 
spherical aberration generated when the refractive index of 
the lens structuring the light converging optical system is 
changed due to the temperature ■ humidity change is 
corrected . 

(67) Further, the light converging apparatus described in 

(67) is characterized in that the variation of the spherical 
aberration generated due to the minute variation of the 
transparent thickness difference of the optical information 
recording medium described in (64) is corrected. 

(68) Further, the light converging apparatus describecS. in 
(68) is characterized in that, in (64), the variation of the 
spherical aberration generated due to at least 2 combinations 
in the change of the refractive index by the temperaturre • 
humidity change, the variation of the oscillation wavelength 
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of the light source, and minute variation of the transparent 
substrate thickness of the information recording medium, is 
corrected . 

(69) Further, the light converging apparatus described in 

(69) is characterized in that it is a light converging 
optical system for recording and/or reproducing including the 
light source and the objective lens converging the light flux 
emitted from the light source onto the information recording 
surface through the transparent substrate of the optical 
information recording medium, wherein, between the light 
source and the objective lens, a coupling lens described in 
any one of (54) to (63) is provided, and the optical 
information recording medium has a plurality of recording 
layers with the transparent substrates among them, and when 
the light is converged onto the different recording layers, 
the objective lens is displaced in the optical axis 
direction, and the variation of the spherical aberration 
generated by the difference of the transparent thickness in 
the different recording layers is corrected by displacing the 
coupling lens in the optical axis direction. 

(70) Further, a light converging optical system described in 
(70) is characterized in that, in any one of (64) to (69) , 
the coupling lens is displaced in the optical axis direction 
in such a manner that, when the spherical aberration o£ the 
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light converging optical system is varied to the over side, 
the interval between the light source and the coupling lens 
is decreased, and when the spherical aberration of the light 
converging optical system is varied to the under side, the 
interval between the light source and the coupling lens is 
increased. 

(71) Further, a light converging optical system described in 

(71) is characterized in that, in any one of (64) to 

(70) , the objective lens is an objective lens described in 
any one of (1) to (32) . 

(72) Further, a light converging optical system described in 
(72) is characterized in that, in any one of (64) to 

(71) , it satisfies the following expression. 

NA ^ 0.70 (26) 

t ^ 0 . 6 mm (27) 
A,^500 nm (28) 

Where, NA: a predetermined numerical aperture of the 
objective lens necessary for recording and/or reproducing 
onto the optical information recording medium, t: the 
thickness of the transparent substrate of the optical 
information recording medium, and X: the wavelength of 

the light source. 
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(73) Further, a light converging optical system described in 

(73) is characterized in that, in any one of (64) to 
(72), the axial chromatic aberration of the composite system 
of the spherical aberration correction means and the 
objective lens satisfies the following expression. 

|5fB • NaM ^ 0.25 jlm (29) 

Where, 8fB : the change (|im) of the focal position of 
the composite system when the wavelength of the light source 
changes by + 1 nm. 

(74) Further, an optical pick-up apparatus described in (74) 
is an optical pick-up apparatus comprising: a light 
converging optical system including the light source, and 
objective lens for converging the light flux from the light 
source onto the recording surface of the optical information 
recording medium, and spherical aberration correction means 
arranged between the light source and objective lens; a light 
receiving means for detecting the reflected light from the 
recording surface; the first drive apparatus for driving the 
objective lens for converging the light flux onto the 
recording surface by detecting the reflected light, and the 
second drive apparatus for detecting the light converging 
state of the light flux converged onto the recording surface 
by detecting the reflected light, and for actuating the 
spherical aberration correction means, wherein the light 
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converging optical system is a light converging optical 
system described in any one of (33) to (53) , and (64) to 
(73) . 

(75) Further, the objective lens described in (75) is 
characterized in that in one of (1) , (2) , (9) , (10) , the 
following formula (8') is satisfied: 

NA ^ 0 . 8 0 ( 8 ' ) 

(76) Further, the objective lens described in (76) is an 
objective lens for recording and/or reproducing for an 
optical information recording medium and for use in an 
optical pick-up apparatus provided with a light source to 
emit a light flux having a wavelength of 500 nm or less, 
comprising : 

a first lens having a positive refracting power; and 
a second lens having a positive refracting power; 
wherein the first lens and the second lens are aligned 
in this order from a light source side of the objective lens, 
the first lens and the second lens are made of a plastic 
material whose internal transmittance at a thickness o£ 3 mm 
in a region of the using wavelength is not smaller than 90% 
and whose saturation water absorption is not larger than 
0.5%, and the objective lens satisfies the following 
conditional formula (15'): 

NA ^ 0 .70 (15' ) 
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where NA: a predetermined image side numerical aperture 
necessary for recording and/or reproducing of the optical 
information recording medium. 

(77) Further, the objective lens describe in (77) is 
characterized in that in one of 

(1) , (2) , (9) , (10) , (19) , (26) , (76) , the following conditional 
formula (19') is satisfied: 

-0.15 < (XI' - X3' ) / ( (NA)^-f ) < 0.10 (19') 

where XI' and X3 ' are represented by the following 
formula, 

XI' = XI - (Nl - 1) Vf 1 

X3' = X3- (N2 - 1) Vf2 

where XI: a difference (mm) in the optical axis between 
a flat surface which is perpendicular to the optical axis and 
contacts the apex of a surface of the first lens at a side 
closest to a light source and a surface of the first lens at 
a side closest to the light source at an outermost periphery 
of the effective diameter (the outermost periphery 
corresponds to a position on a surface of the first lens at 
which a marginal light ray of the above NA comes to be 
incident), when the difference is measured in a direction 
toward to the optical information recording medium, the 
difference is singed with plus (+) , and when the difference 
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is measured in a direction toward to the light source, the 
difference is singed with minus ( - ) ; 

X3 : a difference (mm) in the optical axis between a 
flat surface which is perpendicular to the optical axis and 
contacts the apex of a surface of the second lens at a side 
closest to a light source and a surface of the second lens at 
a side closest to the light source at an outermost periphery 
of the effective diameter {the outermost periphery 
corresponds to a position on a surface of the second lens at 
which a marginal light ray of the above NA comes to be 
incident) , when the difference is measured in a direction 
toward to the optical information recording medium, the 
difference is singed with plus (+) , and when the difference 
is measured in a direction toward to the light source, the 
difference is singed with minus {-) ; 

f: a focal length of the total system of the objective 

lens ; 

NX: a refractive index of the first lens group at a 
used wavelength; and 

N2: a refractive index of the second lens group at a 
used wavelength. 

(78) Further, the objective lens described in (78) is 
characterized in that in (77), the following formula (22') is 
satisfied: 
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-0.08 < {XI' - X3' ) / ( (NA)^-f ) < 0.05 

(79) Further, the objective lens described in (79) is 
characterized in that in (1) , (2) , (9) , (10) , (19) , (26) , (76) , the 
objective lens is made of a material whose internal 
transmittance at a thickness of 3 mm is not smaller than 90%. 

(80) Further, the objective lens described in (80) is 
characterized in that in (79) , the objective lens is made of 
the material whose saturation water absorption is not larger 
than 0.1%. 

(81) Further, the recording/ reproducing apparatus described 
in (81) is characterized in that the optical pick-up 
apparatus described in (6 8) can be mounted on the 
recording/reproducing apparatus so that an audio and/or image 
can be recorded and/or an audio and/or image can be 
reproduced. 

As described in (1) , when the objective lens is 
structured by 2 positive lenses, the generation amount of the 
aberration on each refraction surface is small, and various 
aberrations including the spherical aberration can be finely 
corrected even in the light flux whose NA is more than 0.7, 
and further, when each lens is formed of the material whose 
specific gravity is not larger than 2.0, even when the 
objective lens is formed of 2 lenses whose NA is large ^ and 
whose volume is large, its weight becomes light, and tine 
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actuator for focusing of the objective lens does not have any 
burden, and the high speed follow-up becomes possible, or it 
can be driven by a smaller sized actuator, thereby, it can 
reduce the size of the optical pick-up apparatus. Further, 
when the lens is composed of 2 lenses, although the NA is not 
smaller than 0.7, that is, large, the deterioration of 
aberrations due to the error such as the eccentricity of each 
refraction surface is few, and an objective lens which is 
easily produced, can be obtained. 

The first lens of the objective lens according to the 
present invention may be 1 group 2 composition lens in which 
a positive lens with relatively large Abbe's number, and a 
negative lens with relatively small Abbe's number are 
cemented. When the first lens is structured as described 
above, the chromatic aberration generated in the whole 
objective lens system can be effectively corrected, and 
further, when both of the positive lens and the negative lens 
are formed of the material whose specific gravity is not 
larger than 2.0, even when it is one group 2 lens 
composition, it can be a light lens. Further, in the same 
manner also in the second lens, it may be 1 group 2 
composition lens in which a positive lens with relatively 
large Abbe's number, and a negative lens with relatively 
small Abbe's number are cemented. When the second lens is 
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structured as described above, the chromatic aberration 
generated in the whole objective lens system can be 
effectively corrected, and further, when both of the positive 
lens and the negative lens are formed of the material whose 
specific gravity is not larger than 2.0, even when it is one 
group 2 lens composition, it can be a light lens. 

As described in (2), when each lens is structured by 
the plastic material, the mass production by the injection 
molding becomes possible, thereby, a low cost objective lens 
can be obtained. 

As described in (2), in the refraction surfaces of 
total 4, when at least 2 surfaces from the first surface to 
the third surface are aspherical surfaces, the coma and 
astigmatism other than the spherical aberration can be finely 
corrected, and thereby, the deterioration of the light 
converging performance following the tilt or the deviation of 
the optical axis from the light source, can be reduced . 
Further, when the lens is formed of the plastic material, the 
refractive surface can be easily formed to an aspherical 
surface, and there is no case where the production cost is 
increased. 

The conditional expression (2) of (4) is for 
distributing adequately the refracting power of the first 
lens and the second lens, and when the upper limit of the 
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conditional expression (2) is not exceeded, the third 
surface, that is, the radius of curvature of the surface of 
the light source side of the second lens is not too small, 
and the aberration deterioration by the optical axis 
deviation of the first lens and the second lens can be 
suppressed to small, and when the lower limit of the 
conditional expression is not exceeded, the image height 
characteristic such as the coma or the astigmatism can be 
finely corrected. 

When the upper limit of the conditional expression (3) 
of (5) is not exceeded, the degree of the meniscus of the 
first lens is not too large, and the aberration deterioration 
due to the axis dislocation between the first surface and the 
second surface of the first lens is not too large. When the 
lower limit is not exceeded, the correction of the spherical 
aberration is not insufficient. 

As described in (6), when the using wavelength is not 
larger than 500 nm, the influence due to diffraction becomes 
small, and the diameter of the light converging spot is 
smaller, thereby, high density recording • reproducing 
becomes possible, and when the material whose internal 
transmittance is not smaller than 85 % to the 3 mm thickness 
of the material in the using wavelength range, is used, the 
intensity of the light for the recording is sufficiently 
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obtained, and at the reading time for the reproducing, even 
the light passes the objective length in going and returning, 
the light amount incident to the sensor can be fully 
obtained, and the S/N ratio of the reading out signal can be 
increased. Further, when the using wavelength is not larger 
than 500 nm, specially, about 400 nm, the deterioration of 
the lens material due to the absorption is not negligible, 
but, when the objective lens is formed of the material 
satisfying the above conditions, the influence of the 
deterioration becomes slight, and it can be semi -permanently 
used. 

As described in (7), when the transparent substrate 
thickness of the optical information recording medium is not 
larger than 0.6 mm, the correction effect of the spherical 
aberration by the transparent substrate is reduced, but, when 
the objective lens is 2 lens composition, the spherical 
aberration can be sufficiently corrected. Further, even when 
the NA of the objective lens is not smaller than 0.7, the 
generation of the coma due to the minute tilt or warping of 
the optical information recording medium is small, and the 
fine light converging performance can be obtained. 

When the material is selected as described in (8> , the 
refractive index distribution due to the difference of the 
water absorption is hardly generated in the lens in the 
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process in which each lens absorbs the water in the air, and 
the aberration thereby can be reduced. Specially, when the 
NA is large, there is an inclination in which the generation 
of the aberration is increased, but, by conducting as 
described above, it can be fully reduced. 

According to the objective lens described in (9), even 
for the optical material in which Abbe's number does not have 
a extraordinary value, like as it satisfies the conditional 
expression (4) , when the ring-shaped diffractive structure is 
provided on the objective lens, the chromatic aberration can 
be finely corrected. Specially, in the light source with the 
short wavelength, even due to the minute change of the 
wavelength, the refractive index of the optical material is 
largely changed, but, when it satisfies the conditional 
expression (4) , the chromatic aberration can be sufficiently 
corrected, and even when the change of the instantaneous 
wavelength such as the mode hop of the light source, happens, 
there is no case where the light converging spot is 
increased. Further, because it is formed of the material 
whose specific weight is not larger than 2.0, even when it is 
2 composition lens whose NA is not smaller than 0.7 as the 
conventional expression (5) , and whose outer diameter is 
large, the objective lens with the light weight can be 
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obtained. Further, as described in (1), the burden onto the 
actuator for focusing is small. 

The first lens of the objective lens may be 1 group 2 
composition lens in which a positive lens with relatively 
large Abbe's number, and a negative lens with relatively 
small Abbe's number are cemented. When the first lens is 
structured as described above, the chromatic aberration 
generated in the whole objective lens system can be 
effectively corrected, and further, when both of the positive 
lens and the negative lens are formed of the material whose 
specific gravity is not larger than 2.0, even when it is one 
group 2 lens composition, it can be a light lens. Further, 
in the same manner also in the second lens, it may be 1 group 
2 composition lens in which a positive lens with relatively 
large Abbe's number, and a negative lens with relatively 
small Abbe's number are cemented. When the second lens is 
structured as described above, the chromatic aberration 
generated in the whole objective lens system can be 
effectively corrected, and further, when both of the positive 
lens and the negative lens are formed of the material whose 
specific gravity is not larger than 2,0, even when it Is one 
group 2 lens composition, it can be a light lens. 

As described in (10) , when each lens is structured by 
the plastic material, the mass production becomes possible by 



48 



4803 



the injection molding, thereby, a low cost objective lens can 
be obtained. 

As described in (11) , in the refraction surfaces of 
total 4, when at least 2 surfaces from the first surface to 
the third surface are aspherical surfaces, the coma and 
astigmatism other than the spherical aberration can be finely 
corrected, and thereby, the deterioration of the light 
converging performance following the tilt or the deviation of 
the optical axis from the light source, can be reduced. 
Further, when the lens is formed of the plastic material, the 
refractive surface can be easily formed to an aspherical 
surface, and there is no case where the production cost is 
increased. 

When the diffractive structure is structured so as to 
satisfy the conditional expression (6) in (12) , the 
correction of the chromatic aberration can be adequately 
carried out. When the upper limit of the conditional 
expression (6) is not exceeded, the chromatic aberration is 
not successively corrected, and when the lower limit is not 
exceeded, the insufficient correction does not happen. 

The conditional expression (7) of (13) is for 
distributing adequately the refracting power of the fixst 
lens and the second lens, and when the upper limit of the 
conditional expression (7) is not exceeded, the third 
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surface, that is, the radius of curvature of the surface of 
the light source side of the second lens is not too small, 
and the aberration deterioration by the optical axis 
deviation of the first lens and the second lens can be 
suppressed to small, and when the lower limit of the 
conditional expression (7) is not exceeded, the image height 
characteristic such as the coma or the astigmatism can be 
finely corrected. 

When the upper limit of the conditional expression (8) 
of (5) is not exceeded, the degree of the meniscus of the 
first lens is not too large, and the aberration deterioration 
due to the axis dislocation between the first surface and the 
second surface of the first lens is not too large. When the 
lower limit is not exceeded, the correction of the spherical 
aberration is not insufficient. 

As described in (15) , when the using wavelength is not 
larger than 500 nm, the influence due to diffraction becomes 
small, and the diameter of the light converging spot is 
smaller, thereby, high density recording ■ reproducing 
becomes possible, and when the material whose internal 
transmittance is not smaller than 85 % to the 3 mm thickness 
of the material in the using wavelength range, is used, the 
intensity of the light for the recording is sufficiently 
obtained, and at the reading time for the reproducing, even 
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the light passes the objective length in going and returning, 
the light amount incident to the sensor can be fully 
obtained, and the S/N ratio of the reading out signal can be 
increased. Further, when the using wavelength is not larger 
than 50 0 nm, specially, about 400 nm, the deterioration of 
the lens material due to the absorption is not negligible, 
but, when the objective lens is formed of the material 
satisfying the above conditions, the influence of the 
deterioration becomes slight, and it can be semi -permanently 
used. 

As described in (16) , when the transparent substrate 
thickness of the optical information recording medium is not 
larger than 0.6 mm, the correction effect of the spherical 
aberration by the transparent substrate is reduced, but, when 
the objective lens is 2 lens composition, the spherical 
aberration can be sufficiently corrected. Further, even when 
the NA of the objective lens is not smaller than 0.7, the 
generation of the coma due to the minute tilt or warping of 
the optical information recording medium is small, and the 
fine light converging performance can be obtained. 

When the diffractive structure is the structure by 
which the diffracted light ray more than second order is 
used, as described in (17) , the step difference between, each 
ring-shaped zone becomes large, and it is a structure in 
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which the interval between each ring-shaped zone is large, 
and the requirement accuracy of the shape of the diffractive 
structure is not too severe. Generally, as compared to the 
case where the first order diffraction is used, when the 
diffraction more than second order is used, the lowering by 
the wavelength change of the diffraction efficiency is large, 
but, when the light source near the single wavelength is 
used, because it is about no problem, an objective lens which 
is easily produced and which has sufficient diffraction 
efficiency, can be obtained. 

When the material is selected as described in (18), the 
refractive index distribution due to the difference of the 
water absorption is hardly generated in the lens in the 
process in which each lens absorbs the water in the air, and 
the aberration generated thereby and the lowering of the 
diffraction efficiency according to the phase variation can 
be suppressed. Specially, when the NA is large, there is an 
inclination in which the generation of the aberration or the 
lowering of the diffraction efficiency is increased, biat , by 
conducting as described above, it can be fully reduced. 

When the lens is structured by 2 positive lenses as 
described in (19) , because the refracting power to the light 
ray can be distributed into 4 surfaces, the generation amount 
of the aberration on each refractive surface is small, and 
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even in the light flux with the high NA, various aberrations 
including the spherical aberration can be finely corrected, 
and an objective lens in which the deterioration of various 
aberrations due to the error such as the eccentricity of each 
refractive surface is few and which can be easily produced, 
can be obtained. Further, when each lens is formed of the 
plastic material, even the objective lens with high NA 
structured by 2 lenses whose lens volume is large, because 
its weight is light, the burden onto the actuator for 
focusing can be reduced, and high speed follow-up and the 
drive by the small sized actuator are possible, and the mass 
production by the injection molding is possible at a low 
cost . 

Because the refractive index or change of the shape of 
the plastic lens is larger than the glass lens, there is an 
inclination that the deterioration of the performance becomes 
a problem, and because the performance deterioration, that 
is, an increase of the spherical aberration becomes large in 
proportion to the 4-th power of NA, the problem is larger as 
the NA increases. Generally, the change of the refractive 
index to the temperature change of the plastic lens is about 
-10 X 10"^/°C. In the case where the high NA objective lens 
is composed of 2 lenses formed of the plastic material, when 
the working distance is small to the focal distance of the 
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objective lens, the low order spherical aberration of the 
insufficient correction is generated at the time of 
temperature rise, and the low order spherical aberration of 
excessive correction is generated at the time of the 
temperature lowering. In contrast to this, when the working 
distance is increased to the focal distance of the objective 
lens, the high order spherical aberration which is the 
opposite polarity to the low order spherical aberration, can 
be generated at the temperature change. At this time, when 
the focal distance of the objective lens and the working 
distance satisfy the expression (9) , the generation amount of 
the low order spherical aberration and the generation amount 
of the high order spherical aberration of the opposite 
polarity can be well balanced, and even in the high NA 
objective lens formed of the plastic lens, the objective lens 
in which the deterioration of the wave front aberration is 
small at the time of the temperature change, can be obtained. 
In an area larger than the lower limit of the expression (9) , 
the spherical aberration at the temperature rise is not too 
much insufficient correction, and in an area lower than upper 
limit, the spherical aberration at the temperature rise is 
not too excessive correction. Further, in an area larg-er 
than the lower limit, the spherical aberration at the time of 
temperature lowering is not too much over correction, and in 
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an area lower than the upper limit, the spherical aberration 
at the time of temperature lowering is not too much under 
correction . 

In order to finely correct the spherical aberration at 
the time of temperature change, it is most preferable that 
the value of the expression (1) is about 0.14. Hereinafter, 
explanation will be done by a specific example. In Fig. 49, 
spherical aberration views of 3 kinds of objective lenses 
when the temperature rises by +3 0 °C are shown. All of them 
are the objective lens composed of two positive lenses formed 
of the plastic material. Values of the expression (9) are 
respectively (a) 0.08, (b) 0.14 and (c) 0.25. In the case of 
(a) which exceeds the lower limit of the expression (9) , the 
lower order spherical aberration which is under, is greatly 
generated at the time of temperature rise, but, because the 
generation of the high order spherical aberration, which is 
over, is small, the spherical aberration is under correction 
as the whole. In contrast to this, in the case of (c) which 
exceeds the upper limit of the expression (9), although the 
generation of the lower order spherical aberration, which is 
under, is small at the time of temperature rise, because the 
high order spherical aberration, which is over, is largely 
generated, the spherical aberration is over correction as the 
whole. In the case of (a) which is the most preferable 



55 



4803 



condition, the lower order spherical aberration, which is 
under, generated the time of temperature rise, and the high 
order spherical aberration, which is over, are well balanced, 
and as the whole, almost perfect correction type spherical 
aberration is realized. 

Further, when the objective lens with large NA is 
structured by 2 positive lenses, because the working distance 
is apt to decrease, there is a problem that the possibility 
in which the objective lens is brought into contact with the 
optical information recording medium by the warping of the 
optical information recording medium is large, however, when 
the expression (9) is satisfied, because large working 
distance can be secured even when the diameter is small, the 
objective lens and the optical information recording medium 
can be prevented from being brought into contact with each 
other by the warping of the optical information recording 
medium. 

In this connection, in the semiconductor laser used as 
the light source in the optical pick-up apparatus, in its 
oscillation wavelength, there is a fluctuation of about ± 10 
nm among each element, however, when the semiconductor laser 
with the oscillation wavelength deviated from the referrence 
wavelength is used for the light source, because the 
spherical aberration generated in the objective lens becomes 
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large as the numerical aperture increases, the semiconductor 
laser having the oscillation wavelength deviated from the 
reference wavelength can not be used, and the selection of 
the semiconductor laser used as the light source becomes 
necessary. Further, because the plastic lens has the smaller 
refractive index than the glass lens, when the semiconductor 
laser having the oscillation wavelength deviated from the 
reference wavelength is used for the light source, the 
spherical aberration generated in the objective lens is apt 
to increase. However, when the expression (9) is satisfied, 
even when it is the high NA objective lens formed of the 
plastic material, the spherical aberration generated when the 
semiconductor laser having the oscillation wavelength 
deviated from the reference wavelength is used for the light 
source, can be suppressed to small. In an area larger than 
the lower limit of the expression (9) , the spherical 
aberration when the oscillation wavelength is deviated to the 
long wavelength side is not too much under correction, and in 
an area lower than upper limit, the spherical aberration when 
the oscillation wavelength is deviated to the short 
wavelength side is not too much over correction, and in an 
area lower than the upper limit, the spherical aberration 
when the oscillation wavelength is deviated to the short 
wavelength side is not too much under correction. 
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As described in (20) , in the objective lens, in the 
refractive surfaces of total 4 surfaces, when at least 2 
surfaces from the first surface to the third surface are 
aspherical surfaces, because the coma and astigmatism other 
than the spherical aberration can be finely corrected, the 
deterioration of the wave front aberration following the 
deviation of the optical axis of the objective lens from the 
light source can be reduced. At this time, when at least 2 
surfaces of the first surface and the third surface are 
aspherical surfaces, because the aberration can be accurately 
corrected, it is preferable. Further, when the second 
surface is also aspherical surface, because the aberration 
generated due to the deviation of the optical axis of the 
first lens and the second lens can be suppressed to small, it 
is more preferable. Further, when the objective lens is 
formed of the plastic material, the refractive surface can be 
easily formed to the aspherical surface, and production cost 
is not increased. 

The conditional expression (10) of (21) is for 
adequately distributing the refracting power of the first 
lens and the second lens, and in an area larger than the 
lower limit of the expression (10) , the spherical aberration 
at the time of the temperature rise, and the spherical 
aberration when the wavelength of the light source is 
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deviated from the reference wavelength to the long wavelength 
side, are not too much overly corrected. Further, the 
spherical aberration at the time of the temperature lowering, 
and the spherical aberration when the wavelength of the light 
source is deviated from the reference wavelength to the short 
wavelength side, are not too much under corrected. Further, 
the image height characteristic such as the coma or the 
astigmatism can be finely corrected. Further, the aberration 
deterioration due to the optical axis deviation of the first 
surface and the second surface of the first lens, and the 
optical axis deviation of the first lens and the second lens, 
is not too large. In an area lower than upper limit of the 
expression (10) , the spherical aberration at the time of 
temperature rise and the spherical aberration when the 
wavelength of the light source is deviated from the reference 
wavelength to the long wavelength side, are not too under 
corrected. Further, the spherical aberration at the time of 
temperature lowering and the spherical aberration when the 
wavelength of the light source is deviated from the reference 
wavelength to the short wavelength side, are not too overly 
corrected. Further, the third surface, that is, the radius 
of curvature of the surface on the light source side is not 
too small, and the spherical aberration due to the tilt of 
the second lens can be reduced, and an angle formed between 
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the contact surface of the aspherical surface at the maximum 
effective diameter position of the third surface and the 
plane perpendicular to the optical axis, is not too large, 
and the processing of the molding die for the lens formation 
becomes easy. Further, because the interval of the first 
lens and the second lens is not too large, the whole length 
of the lens can be suppressed to short, thereby, the size 
reduction of the optical pick-up apparatus can be attained. 
According to the above description, it is preferable that the 
expression (10) satisfies 1.3 ^ fl/f2 ^ 4.2. 

The conditional expression (11) in (22) is for the 
adequate shape of the first lens, and in an area larger than 
the lower limit of the expression (11) , because the second 
surface, that is, an angle formed between the normal line of 
the surface at the maximum effective diameter position of the 
surface on the optical information recording medium side of 
the first lens and the incident light ray, is not too small, 
the detection of the unnecessary signal due to an event in 
which the reflected light on the first surface enters into 
the light receiving element of the optical pick-up apparatus, 
can be prevented. Further, because the central thickness of 
the first lens is not too large, the whole length of ttie 
objective lens can be suppressed to small, thereby, the size 
reduction of the optical pick-up apparatus can be attained. 
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In an area smaller than the upper limit of the expression 
(11) , the aberration deterioration due to the optical axis 
deviation between the first surface and the second surface of 
the first lens is not too large. According to the above 
description, it is preferable that the expression (11) 
satisfies 0.8 ^ (r2 + rl) / (r2 - rl) ^4.0. 

As described in (23) , when the using wavelength is 
lower than 500 nm, the influence due to the diffraction is 
small, and the light converging spot diameter is smaller, 
thereby, the high density recording • reproducing is 
possible, however, when the material whose internal 
transmittance to the 3 mm thickness of the material in the 
using wavelength area is more than 85 % is used, the 
intensity of the light for recording is sufficiently 
obtained, and further, at the time of reading for 
reproducing, even when the light passes through the objective 
lens in going and returning, the light amount entering into 
the sensor can be sufficiently obtained, and the S/N ratio at 
the reading can be increased. Further, when the wavelength 
is not more than 500 nm, specially, when it is about 40 0 nm, 
the deterioration of the lens material due to the absorption 
is not negligible, however, when the material which satisfies 
the above condition is used for the objective lens, the 
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influence of the deterioration is slight, and it can be used 
semi -permanently . 

As described in (24) , when a predetermined image side 
numerical aperture (NA) of the objective lens necessary for 
conducting the recording and/or reproducing onto the optical 
information recording medium is increased more than 0.70, (in 
the conventional optical information recording medium, for 
example, in the CD, 0.45, and in the DVD, 0.65), because the 
size of the spot converging onto the information recording 
surface can be reduced, the higher density recording and/or 
the reproducing of the higher density recorded information, 
than the conventional optical information recording medium, 
can be carried out onto the optical information recording 
medium. In this manner, when the numerical aperture of the 
objective lens is increased, there occurs a problem that the 
generation of the coma due to the tilt or warping of the 
optical information recording medium from the surface 
perpendicular to the optical axis is increased, however, when 
the thickness of the transparent substrate of the optical 
information recording medium is reduced, such the generation 
of coma can be suppressed, and when the numerical aperture of 
the objective lens is increased to more than 0.70, it is 
preferable that the thickness (t) of the transparent 
substrate of the optical information recording medium is 
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reduced to lower than 0.6 mm (in the conventional optical 
information recording medium, for example, in the CD, 1.2 mm, 
and in the DVD, 0.6 mm) . 

When the material is selected as described in (25) , in 
the process in which the water in the air is absorbed, the 
refractive index distribution due to the difference of the 
absorption is hardly generated in the optical element, and 
the aberration generated thereby can be suppressed. 
Specially, when the numerical aperture of the objective lens 
is large, there is a tendency that the aberration generation 
is increased, however, according to the above description, it 
can be suppressed to sufficiently small. 

When the lens is composed of 2 positive lenses as 
described in (26) , because the refracting power to the light 
ray can be distributed to 4 surfaces, the generation amount 
of the aberration on each refractive surface is small, and 
even in the high NA light flux, aberrations including the 
spherical aberration can be finely corrected, and an 
objective lens in which the deterioration of aberrations by 
the error such as the eccentricity of each refractive surface 
is small, and which can be easily produced, can be obtained. 

Further, when a predetermined image side numerical 
aperture (NA) of the objective lens necessary for conducting 
the recording and/or reproducing onto the optical infor-mation 
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recording medium is increased more than 0.70, because the 
size of the spot converging onto the information recording 
surface can be reduced, the higher density recording and/or 
the reproducing of the higher density recorded information, 
than the conventional optical information recording medium, 
can be carried out onto the optical information recording 
medium. On the one hand, when the objective lens with the 
large NA is composed of 2 positive lenses, because the 
working distance is apt to be reduced, there occurs a 
problem that the possibility in which the objective lens is 
brought into contact with the optical information recording 
medium by the warping of the optical information recording 
medium, is large. In order to secure the large working 
distance, it is effective to increase the focal distance of 
the objective lens, that is, to increase the entrance pupil 
diameter of the objective lens, but, in this case, because 
the size of the optical pick-up apparatus is increased,, it is 
not practically preferable. In order to be compatible with 
the size reduction of the pick-up apparatus and the insurance 
of the working distance, it is preferable to satisfy the 
expression (12) . When the upper limit of the expression (12) 
is not exceeded, because the power of the second lens Is not 
too strong, the production error sensibility of the second 
lens or the aberration deterioration due to the optical axis 
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deviation of the first lens and second lens can be suppressed 
to small, and it can be a lens which is easily produced. 
Further, it can be a lens whose sinusoidal condition can be 
finely corrected. When the lower limit of the expression 
(12) is not exceeded, even when the diameter is small, 
because the working distance can be secured largely, the 
contact of the objective lens with the optical information 
recording medium by the warping of the optical information 
recording medium can be prevented, and the size of the 
optical pick-up apparatus can be reduced. From the above 
description, it is preferable that the expression (12) 
satisfies 0.07 ^ WD/ENP ^ 0.14. 

As described in (27) , in the objective lens, in the 
refractive surfaces of total 4 surfaces, when at least 2 
surfaces from the first surface to the third surface are 
aspherical surfaces, because the coma and the astigmatism in 
addition to the spherical aberration can be finely corrected, 
the deterioration of the wave front aberration due to the 
deviation of the optical axis of the objective lens and. the 
light source can be reduced. At this time, it is preferable 
because, when the at least 2 surfaces of the first surface 
and the third surface are aspherical surfaces, the corr-ection 
of the aberration can be more accurately corrected. Further, 
when the second surface is also the aspherical surface. 
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because the aberration generated by the deviation of the 
optical axis of the first lens and the second lens can be 
suppressed to small, it is more preferable. 

The conditional expression (13) described in (28) is 
for adequately distributing the refracting power of the first 
lens and the second leans, and when the upper limit of the 
expression (13) is not exceeded, the radius of curvature of 
the third surface, that is, the surface on the light source 
of the second lens, is not too small, and the deterioration 
of the aberration due to optical axis deviation of the first 
lens and the second lens can be suppressed to small, and 
further, because an angle formed between the contact surface 
of the aspherical surface at the maximum effective diameter 
position of the third surface and the plane perpendicular to 
the optical axis is not too large, the processing of the 
molding die for the lens formation becomes easy. When the 
lower limit of the conditional expression (13) is not 
exceeded, the image height characteristic such as the coma or 
the astigmatism can be finely corrected. 

When the upper limit of the conditional expression (14) 
of (2 9) is not exceeded, the degree of the meniscus of the 
first lens is not too large, and the aberration deterioration 
due to the axis dislocation between the first surface a.nd the 
second surface of the first lens is not too large. When the 
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lower limit of the expression (14) is not exceeded, because 
an angle formed between the normal line of the second 
surface, that is, the surface at the maximum effective 
diameter position of the surface on the optical information 
recording medium side of the first lens, and the incident 
light ray is not too small, the detection of the unnecessary 
signal due to an event that the reflected light on the second 
surface enters into the light receiving element of the 
optical pick-up apparatus, can be prevented. 

As described in (15) , when the using wavelength is not 
larger than 50 0 nm, the influence due to diffraction becomes 
small, and the size of the light converging spot is smaller, 
thereby, high density recording • reproducing becomes 
possible, and when the material whose spectral transmittance 
is not smaller than 85 % to the 3 mm thickness of the 
material in the using wavelength range, is used, the 
intensity of the light for the recording is sufficiently 
obtained, and at the reading time, even the light passes the 
objective length in going and returning, the light amount 
incident to the sensor can be fully obtained, and the S/N 
ratio of the reading out signal can be increased. Further, 
when the using wavelength is not larger than 500 nm, 
specially, about 4 00 nm, the deterioration of the lens 
material due to the absorption is not negligible, but, when 
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the objective lens is formed of the material satisfying the 
above conditions, the influence of the deterioration becomes 
slight, and it can be semi -permanently used. 

As described in (31) , when the transparent substrate 
thickness of the optical information recording medium is not 
larger than 0.6 mm, the correction effect of the spherical 
aberration by the transparent substrate is reduced, but, when 
the objective lens is 2 lens composition, the spherical 
aberration can be sufficiently corrected. Further, even when 
the NA of the objective lens is not smaller than 0.7, the 
generation of the coma due to the minute tilt or warping of 
the optical information recording medium is small, and the 
fine light converging performance can be obtained. 

When the material is selected as described in (32), the 
refractive index distribution due to the difference of the 
water absorption is hardly generated in the lens in the 
process in which each lens absorbs the water in the air, and 
the aberration generated thereby can be reduced. Specially, 
when the NA is large, there is an inclination in which the 
generation of the aberration is increased, but, by conducting 
as described above, it can be fully reduced. 

As described above, according to (1) to (32) , a fine 
objective lens can be obtained, however, in order to increase 
the recording density by using the light source whose NA is 
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large and whose wavelength is shorter, the influence of 
various errors, specially, the variation of the spherical 
aberration can not be negligible. Accordingly, as described 
in (33), when the spherical aberration correction means for 
correcting the variation of the spherical aberration is 
provided between the light source and the objective lens, 
even when there are various errors, the light converging 
optical system which can maintain a fine light converging 
characteristic can be obtained. 

As described in (34) , when the spherical aberration 
correction means for correcting the variation of the 
spherical aberration generated in the objective lens, 
specially, the objective lens formed of the plastic lens, is 
provided, the light converging optical system in which the 
light converging spot is fine also to the environmental 
changes can be obtained. 

As described in (35) , when the spherical aberration 
correction means for correcting the variation of the 
spherical aberration generated by the variation of the 
transparent substrate thickness of the optical information 
recording medium is provided, even when the production error 
exists on the optical information recording medium, the light 
converging optical system whose light converging spot Is 
fine, can be obtained. 
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As described in (36) , in the case where the optical 
information recording medium has a plurality of recording 
layers with transparent substrate such as protective layer 
among them, when the spherical aberration correction means 
for correcting the variation of the spherical aberration 
generated by the difference of the transparent substrate 
thickness in each recording layer is provided, all of the 
light converging spots can be fine, and the light converging 
optical system for the light memory whose recording surface 
density is large can be obtained. 

As described in (37) , when the spherical aberration 
correction means for correcting the variation of the 
spherical aberration generated by the difference of the 
oscillation wavelength of the light source is provided, even 
when there is the error of the light source device, the light 
converging optical system whose light converging spot is 
fine, can be obtained. 

As described in (38) , when spherical aberration 
correction means for correcting the variation of the 
spherical aberration generated by the combination of at least 
2 of the temperature ■ humidity change, the variation of 
transparent substrate thickness of the optical information 
recording medium, and the variation of the oscillation 
wavelength of the light source, is provided, the light 
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converging optical system whose light converging 
characteristic is always fine can be obtained. When such the 
spherical aberration correction means is provided, the 
requirement accuracy for the objective lens, light source, 
and optical information recording medium does not become too 
severe, but, in spite of that, the light converging optical 
system whose performance is fine, can be obtained. 

As described in (3 9) , when the variation of the 
spherical aberration is corrected by a device by which the 
distribution of the refractive index is generated, for 
example, by the voltage application, the light converging 
optical system which has no movable portion and has a 
mechanically simple structure, can be obtained. 

As described in (40), when the spherical aberration 
correction means is formed into the structure of the beam 
expander including at least one positive lens and at least 
one negative lens, and at least one lens is made displaceable 
along the optical axis direction, the divergence degree of 
the light flux of the light rays incident on the objective 
lens can be changed, and the spherical aberration can b>e 
changed. Further, the chromatic aberration can be easily 
corrected by including the positive lens and the negative 
lens, and when the lens position is fixed, the divergence 
degree by the wavelength variation, that is, the variation of 
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the spherical aberration can be suppressed, and even in the 
case where spherical aberration correction means can not 
follow up by the instantaneously generated wavelength 
variation such as mode hop, the light converging optical 
system whose light converging spot is fine, can be obtained. 

When Abbe's number of the positive lens and the 
negative lens is selected so as to satisfy the conditional 
expression (15) of (41) , the light converging optical system 
having the spherical aberration correction means whose 
chromatic aberration is finely corrected, can be obtained. 

When the conditional expression (16) and the 
conditional expression (17) of (42) are satisfied, the light 
converging optical system having the spherical aberration 
correction means whose chromatic aberration is more 
preferably corrected, can be obtained. 

It is more preferable when the difference between 
Abbe's numbers of the positive lens and the negative lens is 
selected so as to satisfy the conditional expression (18) of 
(43) . When the lower limit of the conditional expression 
(18) is not exceeded, the chromatic aberration is easily 
corrected, and the chromatic aberration can be corrected 
without increasing the refracting power of the positive lens 
and the negative lens too much, and the light converging 
optical system in which the deterioration of the image height 
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characteristic such as the coma is few, can be obtained. 
When the upper limit of conditional expression (18) is not 
exceeded, the material can be easily obtained, and it can not 
be a material in which there is a problem in the internal 
transmittance or processability . Further, when the material 
of the movable element is formed of the material whose 
specific gravity is not larger than 2.0, the light converging 
optical system having the spherical aberration correction 
means in which the movable element has a fully light weight, 
and which can easily follow up even in the case where and 
variation of the spherical aberration occurs at the high 
speed, can be obtained. 

As described in (44) , when the positive lens is formed 
of the material whose Abbe's number is not larger than 70, 
the material which is excellent in the acid resistance or 
whether resistance, can be selected, and when the negative 
lens is formed of the material whose Abbe's number is not 
lower than 40, the material which is excellent in the 
internal transmittance, specially, the material which is 
excellent in the transmittance in the short wavelength can be 
selected, and when the ring-shaped diffractive structure is 
provided, the chromatic aberration can be fully corrected. 

As described in (45) , when the movable element is 
formed of the material whose specific gravity is not larger 
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than 2.0, the light converging optical system having the 
spherical aberration correction means in which the movable 
element is sufficiently light weight, and even in the case 
where the variation of the spherical aberration occurs at the 
high speed, which can easily follow up, can be obtained. 

As described in (46) , when each lens is composed of the 
plastic lens, the mass production becomes further possible by 
the injection molding, and the low cost spherical aberration 
correction means can be obtained. 

By conducting as described in (47) , in the process in 
which each lens absorbs the water in the air, the refractive 
index distribution due to the difference of the water 
absorption is hardly generated in the lens, and the 
aberration generated thereby or the lowering of the 
diffraction efficiency according to the phase change can be 
suppressed. Specially, when the NA is large, there is a 
tendency that the aberration generation or the diffraction 
efficiency lowering is increased, however, by conducting as 
described above, it can be sufficiently reduced. 

When the diffractive structure is formed to a structure 
in which the diffracted light ray of more than second order 
is used as described in (48) , the step difference between 
ring-shaped zones becomes large, or further, a structure in 
which the interval between ring-shaped zones is large is 
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formed, and the shape requirement accuracy of the diffractive 
structure does not become too severe. Generally, as compared 
to the case in which the first order diffracted light ray is 
used, in the case where more than the second order diffracted 
light ray is used, the lowering of the diffraction efficiency 
due to the wavelength variation is large, however, when the 
light source with the wavelength near the single wavelength 
is used, because almost no problem, the spherical aberration 
correction means which is easily produced and has the 
sufficient diffraction efficiency, can be obtained. 

As described in (49) , when the using wavelength is not 
larger than 500 nm, the influence due to diffraction becomes 
small, and the size of the light converging spot is smaller, 
thereby, high density recording • reproducing becomes 
possible, and when the material whose internal transmi ttance 
is not smaller than 85 % to the 3 mm thickness of the 
material in the using wavelength range, is used, the 
intensity of the light for the recording is sufficiently 
obtained, and at the reading time for the reproducing, even 
in the case where the light passes the objective length, in 
going and returning, and the light is incident on the sensor, 
the light amount can be sufficiently obtained, and the S/N 
ratio of the reading out signal can be increased. Further, 
when the using wavelength is not larger than 500 nm. 
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specially, about 40 0 nm, the deterioration of the lens 
material due to the absorption is not negligible, but, when 
the material satisfying the above conditions is used for the 
spherical aberration correction means, the influence of the 
deterioration becomes slight, and it can be semi -permanently 
used. 

When the spherical aberration correction means has the 
structure as described in (50) , although it is simple and the 
low cost, it becomes the spherical aberration correction 
means having the good performance . 

As described in (51) , in the case where the spherical 
aberration is varied to the correction over direction in the 
light converging optical system, when it is tried to decrease 
the interval between the positive lens and the negative lens, 
the divergence degree of the incident light flux on the 
objective lens is increased, and spherical aberration is 
generated in the objective lens, and the spherical aberration 
is corrected on the whole. Reversely, when the interval 
between the positive lens and the negative lens is increased 
when the spherical aberration varies to the correction under 
direction, the divergence degree of the incident light flux 
on the objective lens is decreased, or the light converging 
light flux enters, and the generation of the spherical 
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aberration on the objective lens is decreased, thereby, the 
spherical aberration on the whole is corrected. 

Further, when the light converging optical system is 
formed so as to satisfy the conditional expression (19) and 
the conditional expression (21) in (52), the spread of the 
spot by the diffraction is reduced, the light converging 
optical system with higher density can be obtained. Further, 
when the optical information recording medium to satisfy the 
conditional expression (2 0) is used, the spread of the light 
converging spot due to the tilt or warping of the optical 
information recording medium is small, and fine recording 
and/or reproducing can be carried out. 

When the chromatic aberration is corrected so as to 
satisfy the conditional expression (22) of (53), even when 
the NA is not smaller than 0.7, the spread of the spot size 
due to the minute wavelength variation can be sufficiently 
prevented . 

At the time of the recording and/or reproducing onto 
the optical information recording medium as described in 
(54) , when the coupling lens in which the chromatic 
aberration is overly corrected by the wavelength variation of 
about 10 nm, by the coupling lens to colliraate the light from 
the light source and to enter it into the objective lens, is 
formed, the coupling lens by which the chromatic aberra.tion 
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generated in other optical system such as the objective lens 
can be cancelled each other and corrected, can be obtained. 
Generally, in the coupling lens, because the divergence 
degree of the light flux emitted from the light source is 
small, it is enough that the refracting power is small, and 
the required accuracy at the time of production is not so 
severe as the objective lens, and because there is few 
restriction such as the working distance, there is a margin 
in the aberration correction. In the case where the 
chromatic aberration is cancelled by the coupling lens, when 
also the objective lens in which the chromatic aberration is 
not severely corrected, is combined with this coupling lens 
and used, it can be used as the objective lens of the light 
converging optical system for the high density optical 
information recording medium in which the influence due to 
the wavelength variation appears largely. 

As shown in (55) , when at least one surface is formed 
to an aspherical surface whose radius of curvature is 
increased as the distance from the optical axis is increased, 
even by one lens, the spherical aberration can be finely 
corrected, and further, when one surface is formed to a. 
diffractive surface having a plurality of concentric ring- 
shaped zone step differences, the chromatic aberration can be 
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overly corrected, and the by a simple structure, the coupling 
lens having the function described in (54) can be obtained. 

As described in (56) , when the surface far from the 
light source is formed to the aspherical surface whose radius 
of curvature is increased as the distance from the optical 
axis is increased, the coma in addition to the spherical 
aberration can also be finely corrected. Further, when the 
surface on the light source side is macroscopically formed to 
the diffractive surface of the spherical surface, although it 
is a simple structure, the chromatic aberration can be overly 
corrected as described above. 

When the diffractive surface is formed as described in 
(57) , the coupling lens under a desired chromatic aberration 
correction state can be obtained. When the lower limit of 
the conditional expression (23) is not exceeded, the 
chromatic aberration is in an over correction inclination, 
and the chromatic aberration of the objective lens can be 
cancelled. When the upper limit of the conditional 
expression (23) is not exceeded, the minimum ring-shaped zone 
pitch is not too small, and the coupling lens which can be 
easily produced, can be obtained. 

As described in (58) , when the diffractive structure is 
a structure in which the diffracted light ray of more than 
2nd order is used, the step difference between each of ring- 
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shaped zones is large, and further, the interval between each 
of ring-shaped zones is large, and the shape requirement 
accuracy of the dif tractive structure is not too severe. 
Generally, when the diffraction of more than 2nd order is 
used as compared to the case in which the first order 
diffraction is used, the lowering of the diffraction 
efficiency due to the wavelength variation is large, however, 
when the light source having the wavelength near the single 
wavelength is used, because there is almost no problem, the 
coupling lens which can be easily produced and has sufficient 
diffraction efficiency, can be obtained. 

Even in the structure of the cemented lens of one group 
2 lens composition as described in (59) , the coupling lens in 
which the chromatic aberration is adequately overly 
corrected, can be obtained. 

As described in (60) , when at least one surface is 
formed to aspherical surface, because the spherical 
aberration can be corrected, it is not necessary that the 
correction effect of the spherical aberration by the cemented 
surface is expected, and the correction of the chromatic 
aberration can be suitably carried out. When the conditional 
expressions (24) and (25) are satisfied, better performance 
coupling lens can be obtained. 
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When it is formed of the material whose specific 
gravity is not larger than 2.0 as described in (61), the 
coupling lens can be sufficiently light weight, and even when 
the variation of the spherical aberration occurs at high 
speed, the light converging optical system with the spherical 
aberration correction means which can easily follow up, can 
be obtained. 

When each lens is composed of the plastic material as 
described in (62), the mass production by the injection, 
molding is further possible, and the low cost coupling lens 
can be obtained. 

By conducting as described in (63) , in the process in 
which each lens absorbs the water in the air, the refractive 
index distribution due to the difference of the water 
absorption is hardly generated in the lens, and the lowering 
of the diffraction efficiency according to the aberration 
generated thereby, or the phase change can be suppressed. 
Specially, when the NA is large, there is a tendency that the 
aberration generation or the diffraction efficiency lowering 
becomes large, however, by conducting as described above, it 
can be sufficiently reduced. 

When the light converging optical system provided with 
the above described coupling lens structured so that it can 
displace in the optical axis direction, between the light 
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source and the objective lens, is formed, and the variation 
of the spherical aberration generated on each optical surface 
including the optical information recording medium is 
corrected by displacing the coupling lens, it can be used as 
the light converging optical system for the high density 
light memory for which the light source wavelength is 
shorter, NA is longer, and smaller sized light converging 
spot is necessary. 

When there is an error or the fluctuation of the 
oscillation wavelength of the light source as described in 
(65) , the balance of correction of the spherical aberration 
is lost by the refractive index difference due to the 
difference of the wavelength, and the spherical aberration 
changes, however, when this is in the light converging 
optical system to correct by displacing the coupling lens, 
the light converging optical system in which the light 
converging characteristic is always optimally maintained, can 
be obtained. 

As described in (66) , when the variation of the 
spherical aberration generated by the change of the 
refractive index of the lens composing the light converging 
optical system due to the change of the temperature and 
humidity is corrected, even when the material such as the 
plastic lens is used, the light converging optical system on 
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which the influence of the temperature and humidity is not 
effected, and in which the performance is good, can be 
obtained. 

Even when there is a case where the thickness of the 
transparent substrate of the optical information recording 
material is fluctuated by the production error as described 
in (67) , or a difference of partial thickness exists, because 
the variation of the spherical aberration generated thereby 
can be corrected by displacing the coupling lens, it can cope 
with various conditions of medium, and the light converging 
optical system by which good light converging condition can 
always be maintained, can be obtained. 

As described in (68) , when the variation of the 
spherical aberration generated by the combination of at least 
more than 2 of the temperature and humidity change, the 
difference of the oscillation wavelength of the light source, 
or the variation of the transparent substrate thickness of 
the optical information recording medium, is corrected, the 
light converging optical system which is more easily used, 
and whose light converging characteristic is always good, can 
be obtained. 

As described in (69) , in the case where the optical 
information recording medium has a plurality of recording 
layers with the transparent substrate such as a protective 
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layer among them, when a correction means for correcting the 
variation of the spherical aberration generated by the 
difference of the transparent substrate thickness in each 
recording layer is provided, all of the light converging 
spots can be good, and the light converging optical system 
for the light memory whose recording surface density is 
large, can be obtained. 

By conducting as described in (70) , in the case where 
the spherical aberration is varied to the correction over 
direction in the light converging optical system, when the 
interval between the light source and the coupling lens is 
decreased, and the divergence degree of the incident light 
flux on the objective lens is increased, the spherical 
aberration is generated in the objective lens, and the 
spherical aberration is corrected on the whole. Reversely, 
in the case where the spherical aberration is varied to the 
correction under direction, when the interval between the 
light source and the coupling lens is increased, the 
divergence degree of the incident light flux on the objective 
lens is small, or the light converging light flux is 
incident, and the generation of the spherical aberration in 
the objective lens is decreased, and therefore, the spherical 
aberration on the whole system is corrected. 
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Because all of the light converging optical systems 
described in (64) to (70) use the coupling lens described in 
(54) to (63) , and because the chromatic aberration is finely 
corrected in the whole light converging optical system 
including the objective lens, even when the wavelength 
variation to which the displacement of the coupling lens can 
not follow up, which is instantaneous, such as the mode hop 
of the light source, occurs, the converging optical spot is 
not deteriorated. Further, when the variation amount such as 
the difference of the oscillation wavelength of the light 
source is large, and the correction balance of the spherical 
aberration is lost, the remaining spherical aberration can be 
corrected by the displacement of the coupling lens. 

As described in (71) , when the objective lenses 
described in (1) to (32) are combined, the better light 
converging optical system can be obtained. 

When the high NA objective lens satisfying the 
conditional expression (26) is used as described in (72) , the 
light converging spot can be small, and when the transparent 
substrate thickness satisfies the conditional expression 
(27) , the light converging spot diameter is prevented £rom 
increasing due to the tilt or warping of the optical 
information recording medium, and when the light source with 
the short wavelength satisfying the conditional expression 
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(2 8) is used, the influence of the diffraction is small, and 
the light converging spot can be small. Further, because the 
chromatic aberration is finely corrected on the whole light 
converging optical system, the influence of the large 
refractive index change due to the slight wavelength change 
in the short wavelength area is corrected, and the spherical 
aberration variation generated due to the various error 
factors to enlarge the light converging spot can also be 
corrected by the displacement of the coupling lens, and the 
small light converging spot can be always maintained, and the 
high density light memory can be realized. 

When the chromatic aberration of the light converging 
optical system is corrected so as to satisfy the conditional 
expression (29) as described in (73), the sufficiently small 
light converging spot can always be obtained. 

When the optical pick-up apparatus is structured as 
described in (74) , the high performance and low cost optical 
pick-up apparatus in which the recording bit size is small, 
the recording density is large, and recording and/or 
reproducing onto the optical information recording medium is 
finely carried out, can be obtained. By the selection of the 
light converging optical system, the optical pick-up 
apparatus with respective above described characteristics can 
be obtained. 
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As described in (75) , when the objective lens satisfies 
the formula {8'), it is possible to provide the cheaper and 
lighter objective lens and to make the numerical aperture 
more higher. 

When the objective lens of the invention is made of a 
plastic material whose internal transmission factor for a 
wavelength of light emitted from a light source at a 
thickness of 3 mm is not less than 90%, even in the case of 
using a light source generating a wavelength of not more than 
500 nm, as seen in (76) , it is possible to improve an S/N 
ratio of recording and reproducing signals because of light 
transmission factor that is sufficiently great, and it is 
possible to attain driving by a small -sized actuator and 
electric power saving because of less weight, even in the 
case of an objective lens of a two-group structure having a 
greater lens thickness and a greater volume compared with a 
conventional objective lens of a single lens structure. 
Further, by forming the objective lens with a plastic 
material whose saturation water absorption is not more than 
0.1%, it is possible to control deterioration of image 
forming power caused by water absorption to be small, even in 
the case of an objective lens with NA of 0.7 or more. The 
internal transmission factor in this case means a ratio of 
intensity of incident light into the plastic material to that 
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of emergent light, and an influence of surface reflection 
loss and an influence of reflection between surfaces are not 
considered . 

In the design of a lens of a two-group structure, it is 
important from the viewpoint of manhour reduction and cost 
reduction that astigmatism and coma caused by shifting 
between an optical axis of a first lens and that of a second 
lens are corrected so that lenses may be assembled easily. 
Further, in the case of an objective lens with a high NA, 
when a sufficient tolerance is secured for manufacturing 
errors, a working distance tends to be small. When the 
working distance is small, an actuator, when it is driven, 
comes in contact with an optical information recording 
medium, and there is a risk that an information recording 
surface is damaged. The conditional expression (19') in (77) 
satisfactorily corrects aberration caused by shifting between 
an optical axis of a first lens and that of a second lens, 
and it is a conditional expression relating to a sagging 
amount for the surface of the first lens closest to the light 
source and for the surface of the second lens closest to the 
light source, for securing the working distance which is not 
problematic for practical use, while securing a sufficient 
tolerance for manufacturing errors. When the lower limit of 
the aforesaid conditional expression is not exceeded, power 
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load for the second lens does not turn out to be too great, 
and thereby, an apparent angle of the surface of the second 
lens on the light source side does not turn out to be too 
great, thus, a metal mold can be machined by a diamond 
cutting tool accurately. Further, aberration caused by 
shifting between an optical axis of a first lens and that of 
a second lens can be corrected satisfactorily, and lenses can 
be assembled easily. When the upper limit of the conditional 
expression stated above is not exceeded, the working distance 
does not turn out to be too small, which makes the objective 
lens to be one that can be driven easily by an actuator, and 
the power load for the first lens does not turn out to be too 
great, which does not make an apparent angle of the surface 
of the first lens on the light source side to be too great, 
and a metal mold can be machined by a diamond cutting tool 
accurately. Further, aberration caused by shifting between 
an optical axis of a first lens and that of a second lens can 
be corrected satisfactorily, and lenses can be assembled 
easily. 

To attain the aforesaid effect, it is preferable to 
satisfy expression (22') as in (78). 

In the structure (79) , intensity of light for recording 
is obtained further sufficiently, and even when the objective 
lens is made to be passed both ways in the course of reading 
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for reproduction, an amount of light entering a sensor can be 
obtained further sufficiently, and an S/N ratio of reading 
signals can be further improved. 

When materials are selected as in (18) , distribution of 
refractive indexes caused by a difference of a coefficient of 
water absorption hardly takes place in a lens when each lens 
absorbs moisture in the air, and aberration caused by the 
distribution of refractive indexes can be made small 
accordingly. When NA is large, in particular, occurrence of 
aberration tends to be great. However, if the action in the 
foregoing is taken, the occurrence of aberration can be made 
small sufficiently. This effect is more remarkable when (80) 
is executed. 

(2-1) The objective lens according to the present invention 
is a lens for the recording and/or reproducing of the 
information of the optical information recording medium, 
wherein it is composed of the first lens with the positive 
refracting power and the second lens with the positive 
refracting power arranged in order from the light source 
side, and has a ring-shaped diffractive structure on at least 
one surface, and satisfies the following expressions (30) and 

(31) . 

NA ^ 0.70 (30) 
0.05 < WD/EXP < 0.25 (31) 
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Where, NA: a predetermined numerical aperture necessary 
for conducting the recording and/or reproducing of the 
optical information recording medium, 

WD: the working distance (mm) of the objective lens, 
EXP: the diameter of the entrance pupil (mm) of the 
objective lens. 

When the lens is composed of 2 positive lenses as this 
objective lens, because the refracting power to the light 
beam can be distributed to 4 surfaces, the generation amount 
of the aberration on each refractive surface is small, and 
even in the light flux of the high NA, the aberrations 
including the spherical aberration can be finely corrected, 
and the objective lens in which the deterioration of 
aberrations due to the error such as an eccentricity of each 
refractive surface is small, and the production is easy, can 
be obtained. 

Further, when the image side numerical aperture (NA) of 
a predetermined objective lens necessary for conducting the 
recording and/or reproducing on the optical information 
recording medium is increased to larger than 0.70, (in the 
conventional optical information recording medium, for 
example, in the CD, 0.45, and in the DVD, 0.60), because the 
size of the spot converging onto the information recorcding 
surface can be decreased, the reproduction of the infoirmation 
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which is recorded with high density and/or the high density 
recorded, can be conducted on the optical information 
recording medium. However, when the objective lens having 
the large NA is composed of 2 positive lenses, because the 
working distance is apt to be reduced, the problem in which 
the possibility that, by the warping of the optical 
information recording medium, the objective lens is in 
contact with the optical information recording medium, is 
large, is generated. In order to secure the working distance 
large, the focal distance of the objective lens, that is, it 
is effective that the entrance pupil diameter of the 
objective lens is increased, however, because the optical 
pick-up apparatus is large sized, it is not preferable in the 
practical use. In order to be compatible of the size 
reduction of the optical pick-up apparatus with the security 
of the working distance are compatible, it is preferable to 
satisfy the expression (31) . When the upper limit of the 
expression (31) is not exceeded, because the power of the 
second lens is not too intensive, the production error 
sensitivity of the second lens, or the aberration 
deterioration due to the optical axis dislocation of the 
first lens and the second lens can be suppressed to small, 
and the lens which can be easily produced, is obtained- 
Further, the lens in which the sinusoidal condition is finely 
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corrected, can be obtained. When the lower limit of the 
expression (31) is not exceeded, even when the diameter is 
small, the working distance can be secured largely, the 
contact of the objective lens with the optical information 
recording medium due to the warping of the optical 
information recording medium can be prevented, and the size 
of the optical pick-up apparatus can be reduced. 

(2-2) Further, another objective lens according to the 
present invention is an objective lens for recording and/or 
reproducing of the information of the optical information 
recording medium, and is composed of the first lens of the 
positive refracting power and the second lens of the positive 
refracting power arranged in order from the light source 
side, and the first lens and the second lens are respectively 
formed of plastic material, and has the ring-shaped 
diffractive structure on at least one surface, and is 
characterized in satisfying the expression (32) . 
0.05 < WD/ENP < 0.15 (32) 

Where, WD: the working distance of the objective lens 
(mm) , ENP: the entrance pupil diameter of the objective lens 

As this objective lens, when each lens is formed of 
plastic material, because even the high NA objective lens 
structured by 2 lenses having the large lens volume, has the 
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light weight, the decrease of the burden on the actuator for 
the focusing, the high speed tracking, and the drive by the 
small size actuator are possible, and the mass production by 
the injection molding can be conducted at low cost. 

Further, Abbe's number of a general plastic optical 
material is about 55, and although Abbe's number has no 
peculiar value, when the ring-shaped diffractive structure is 
provided, by adequately combining the diffraction action as 
the diffractive lens and the refraction action as the 
refractive lens, the axial chromatic aberration can be finely 
corrected. Specifically, even when the refractive index of 
the optical material is largely changed to the minute change 
in the light source with the short wavelength, because the 
axial chromatic aberration can be sufficiently corrected, 
even when the instantaneous wavelength change such as the 
mode hop phenomenon of the light source occurs, the light 
converging spot does not become large. 

Further, because the plastic lens has the larger 
refractive index change or the larger shape change due to the 
temperature change than the glass lens, the performance 
deterioration thereby easily becomes a problem. Because this 
performance deterioration, that is, an increase of the 
spherical aberration becomes large in proportion to the 
fourth power of NA, as the NA is increased, it becomes a 
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problem. Generally, the change of the refractive index of 
the plastic lens to the temperature change is about -10 x 10" 
^ /°C. In the case where the objective lens of the high NA 
is structured by 2 lenses formed of the plastic material, 
when the working distance is small to the entrance pupil of 
the objective lens, the third order spherical aberration in 
the insufficient correction direction is generated at the 
time of the temperature rise, and the third order spherical 
aberration in the excessive correction direction is generated 
at the time of the temperature lowering. In contrast to 
this, when the working distance is increased to the entrance 
pupil of the objective lens, the higher order spherical 
aberration more than fifth order with the reversal polarity 
to the third order spherical aberration at the time of the 
temperature change, can be generated. In this case, when the 
entrance pupil of the objective lens and the working distance 
satisfy the expression (32) , the generation amount of the 
third order spherical aberration and the generation amount of 
the higher order spherical aberration with the reversal 
polarity, can be well balanced, and even when the high NA 
objective lens is formed of the plastic material, the 
objective lens in which the deterioration of the wave front 
aberration is small at the time of the temperature change, 
can be obtained. In the case more than lower limit of the 
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expression (32) , the spherical aberration of the marginal 
light rays at the temperature rise is not too insufficient 
correction, and in the case lower than the upper limit, the 
spherical aberration of the marginal light rays at the 
temperature rise is not too excessive correction. Further, 
in the case more than lower limit of the expression (32) , the 
spherical aberration of the marginal light rays at the 
temperature lowering is not too excessive correction, and in 
the case lower than the upper limit, the spherical aberration 
of the marginal light rays at the temperature lowering is not 
too insufficient correction. 

(2-3) Further, yet another objective lens according to the 
present invention is an objective lens for the recording 
and/or reproducing of the information of the optical 
information recording medium, and composed of the first lens 
of the positive refracting power and the second lens of the 
positive refracting power arranged in order from the light 
source side, and has the ring-shaped diffractive structure at 
least on one surface, and is characterized in satisfying the 
following expression (33) . 

0.05 ^ PD/PT ^ 0.20 (33) 

Where, PD : when the diffractive structure formed on the 
i -th surface is expressed by the optical path difference 
function defined by Ob = baih^ + b4ih* + bgih^ + . . . (A) 
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(herein, h is the height (mm) from the optical axis) , b2i, 
b4i/ hei, - . - , are respectively coefficients of optical path 
difference function of second order, fourth order, sixth 
order, . . . , ) , the power (mm'''") of only the dif fractive 
structure defined by PD = Z(-2 • bai) , PT : the power (mm"^) 
of the whole system of the objective lens in which the 
refractive lens and the dif fractive structure are combined. 

When the diffractive structure is determined in such a 
manner that the power by only the diffractive structure and 
the power of the whole objective lens system satisfy the 
expression (33) as this objective lens, the axial chromatic 
aberration generated in the objective lens can be finely 
corrected. In the case more than the lower limit of the 
expression (33) , the axial chromatic aberration of the wave 
front, when the spot is formed on the information recording 
surface of the optical information recording medium, is not 
too insufficient correction, and in the case lower than upper 
limit, the axial chromatic aberration of the wave front, when 
the spot is formed on the information recording surface of 
the opticral information recording medium, is not too 
excessive correction. 

(2-4) Further, yet another objective lens according to the 
present invention is an objective lens for recording and/or 
reproducing of the information of the optical information 
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recording medium, and is composed of the first lens of the 
positive refracting power and the second lens of the positive 
refracting power arranged in order from the light source 
side, and has the ring-shaped dif tractive structure at least 
on one surface, and when the diffraction action as the 
diffractive lens and the refractive action as the refractive 
lens are combined, it has the axial chromatic aberration 
characteristic so as to be changed in the direction in which 
the back focus is reduced when the wavelength of the light 
source shifts to the long wavelength side, and is 
characterized in satisfying the next expression (34) . 
-1 < ACA/ ASA < 0 (34) 

Where, ACA: the changed amount (mm) of the axial 
chromatic aberration to the change of the wavelength, and 
ASA: the changed amount (mm) of the spherical aberration of 
the marginal light rays to the change of the wavelength.. 

When the diffraction action as the diffractive lens and 
the refractive action as the refractive lens are combined, as 
this objective lens, it has it has the axial chromatic 
aberration characteristic so as to be changed in the 
direction in which the back focus is reduced when the 
wavelength of the light source shifts to the long wavelength 
side, and it is preferable to satisfy the expression (34). 
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When, by the diffraction action, the axial chromatic 
aberration of the objective lens is almost perfectly- 
corrected and the spherical aberration curve on the long • 
short wavelength side is corrected so as to be parallel to 
the spherical aberration curve of the reference wavelength 
(hereinafter, called chromatic aberration perfect correction 
type) , the objective lens in which the mode hop phenomenon of 
the laser light source or the deterioration of the wave front 
aberration at the time of the high frequency superimposition, 
is small, can be obtained. However, in the diffraction type 
objective lens which is formed to the chromatic aberration 
perfect correction type, because the interval of the 
diffractive ring-shaped zones is apt to be reduced, the 
influence due to the error of the shape of the ring-shaped 
zone structure appears largely, and there is a problem that 
the sufficient diffraction efficiency can not be obtained. 
Accordingly, in order to solve the problems, the present 
inventor proposes a diffraction type objective lens in which, 
even though the mode hop phenomenon of the light source or 
the deterioration of the spherical aberration at the time of 
the high frequency superimposition, is suppressed to small, 
the interval of the diffractive ring-shaped zones is not too 
much reduced. That is, the spherical aberration on the long 
• short wavelength side is not corrected, and when the axial 



99 



4803 



chromatic aberration of the objective lens is made over 
correction, and the spherical aberration curve of the 
reference wavelength and the spherical aberration curve of 
the long • short wavelength side are crossed (hereinafter, 
called chromatic aberration over correction type) , the 
movement of the optimum writing position when the wavelength 
of the light source is shifted, can be suppressed to small, 
and the objective lens in which the mode hop phenomenon of 
the light source or the deterioration of the spherical 
aberration at the time of the high frequency super imposition, 
is small, can be obtained, and further, thereby, the 
diffractive ring-shaped zone interval can be larger than the 
objective lens of the chromatic aberration over correction 
type. 

(2-5) Further, yet another objective lens according to the 
present invention is an objective lens for recording and/ or 
reproducing of the information of the optical information 
recording medium, and is composed of the first lens of the 
positive refracting power and the second lens of the positive 
refracting power arranged in order from the light source 
side, and has the ring-shaped diffractive structure on at 
least one surface, and is characterized by satisfying the 
next expression (35) . 

1.0 ^ (r2 + rl)/(r2 - rl) ^ 6.0 (35) 
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Where, ri : paraxial radius of curvature (mm) of each 
surface (i = 1 or 2) 

As this objective lens, when the upper limit of the 
expression (35) is not exceeded, the degree of the meniscus 
of the first lens is not too large, and the aberration 
deterioration due to the axis dislocation between the first 
surface and the second surface of the first lens is not too 
large. When the lower limit is not exceeded, the correction 
of the spherical aberration is not insufficient. 

(2-5) Further, yet another objective lens according to the 
present invention is an objective lens for recording and/or 
reproducing of the information of the optical information 
recording medium, and is composed of the first lens of the 
positive refracting power and the second lens of the positive 
refracting power arranged in order from the light source 
side, and has the ring-shaped diffractive structure on at 
least one surface including the second surface, and is 
characterized by satisfying the next expression (36) . 
1.0 < (r2 + rl)/(r2 - rl) (36) 
Where, ri : the paraxial radius of curvature (mm) of 
each surface (i = 1 or 2) . 

In the objective lens of the high NA structured by 2 
positive lenses, when the first lens has the shape satisfying 
the expression (36) , that is, has the meniscus shape, there 
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is an inclination that the incident angle of the marginal 
light rays to the second surface is reduced. When the ratio 
(WD/ENP) of the working distance (WD) to the entrance pupil 
diameter (ENP) is larger than 0.05, this inclination is 
specially conspicuous. Therefore, in order to prevent the 
detection of the unnecessary light by the light detector 
caused by that the reflected light on the second surface 
forms the spot onto the light receiving surface of the light 
detector of the optical pick-up apparatus, in the high NA 
objective lens structured by 2 positive lenses, when the 
first lens has the meniscus shape, it is necessary to control 
so that the incident angle of the marginal light rays to the 
second surface does not become too small. As the present 
objective lens, in the case where the diffractive structure 
is provided on the high NA objective lens of the 2 lens 
composition which has the first lens having the meniscus 
shape, when the diffractive structure is provided on the 
second surface, the spherical aberration and the coma can be 
more accurately corrected by the reason described as follows. 
In the reflected diffracted light ray generated in the ring- 
shaped zone diffractive structure in which the step 
difference in the optical axis direction is optimized so that 
the intensity of the n-th order diffracted light ray becomes 
the maximum to the transmission light, because the diffracted 
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light ray which has the maximum intensity is the m ( n) -th 
order diffracted light ray, the incident angle of the 
marginal light ray incident upon the second surface on which 
the diffractive structure is provided has a positively 
different value from the reflection angle of the m-th order 
diffracted light ray generated on the second surface, and the 
reflection light does not form the spot on the light 
receiving surface of the light detector. As the result, the 
incident angle of the marginal light ray to the second 
surface can be freely selected, and the high performance 
objective lens in which the spherical aberration and the coma 
can be more accurately corrected, can be obtained. 

(2-7) Further, yet another objective lens according to the 
present invention is an objective lens for recording and/or 
reproducing of the information of the optical information 
recording medium, and is composed of the first lens of the 
positive refracting power and the second lens of the positive 
refracting power arranged in order from the light source 
side, and has the ring-shaped diffractive structure on at 
least one surface, and is characterized in that the using 
wavelength is not larger than 500 nm, and it is formed of the 
material in which, in the using wavelength area, the internal 
transmissivity at the 3 mm thickness is not smaller than 85 
%. 
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As this objective lens, when the using wavelength is 
not larger than 50 0 nm, because the size of the spot 
converged onto the information recording surface can be 
reduced, the recording of the information with the higher 
density than the conventional optical information recording 
medium and/or the reproduction of the higher density recorded 
information is possible to the optical information recording 
medium. Further, it is preferable that the objective lens of 
the present invention is formed of the optical material in 
which the internal transmissivity is in the 3 mm thickness is 
not lower than 85 % to the light of the oscillation 
wavelength of the light source. When the short wavelength 
light source having the oscillation wavelength of not larger 
than 500 nm, specially, about 400 nm, is used, the lowering 
of the transmissivity due to the absorption of the light of 
the optical material is a problem, however, when the 
objective lens is formed of the material having the 
transmissivity as described above, it is also unnecesary that 
the output of the light source is increased at the time of 
the recording, and further, the S/N ratio of the read out 
signal at the time of reproduction can be increased. 

(2-8) Further, in each of objective lenses described above, 
it is preferable that, at least 2 surfaces from the first 
surface to the third surface are aspherical . As described 
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above, when at least 2 surfaces from the first surface to the 
third surface are aspherical in the total 4 surfaces, the 
spherical aberration and further the coma and astigmatism can 
be finely corrected. In this case, it is preferable because 
the aberration can be more accurately corrected when at least 
2 surfaces from the first surface to the third surface are 
aspherical. Further, when the second surface is also made 
aspherical, it is more preferable because the aberration 
generated due to the dislocation of the optical axis of the 
first lens and the second lens can be suppressed to small. 
Further, when the objective lens is made of the plastic 
material, it is easy that the refractive surface is formed to 
the aspherical surface, and the production cost is not 
increased. In this connection, in the present specification, 
the lens surface is defined as the first surface from the 
light source side. 

(2-9) Further, it is preferable that, in each of objective 
lenses described above, the following expression (37) is 
satisfied . 

NA ^ 0.70 (37) 

(2-10) Further, in each of objective lenses described 
above, it is preferable that the ring-shaped diffractive 
structure is formed on more than 2 surfaces. In this manner, 
when more than 2 surfaces are diffractive surfaces, anc5. the 
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diffraction power is distributed to more than 2 surfaces, 
because the interval of the diffractive ring-shaped zones 
provided on each surface can be increased, the production is 
easy, and in spite of it, the objective lens with the good 
diffraction efficiency can be obtained. 

(2-11) Further, in each of objective lenses described 
above, it is preferable that the first lens and the second 
lens are respectively formed of the plastic material. In 
this manner, when each lens is formed of the plastic 
material, even when it is the high NA objective lens 
structured by 2 lenses whose volume is large, because it is 
light, a decrease of the burden onto the actuator for 
focusing, the high speed tracking, and the drive by the small 
sized actuator can be conducted, and the mass production by 
the injection molding is possible at low cost. 
(2-12) Further, in each of objective lenses described above, 
it is preferable to satisfy the following expression (38) . 
In this manner, even when the lens is formed of the general 
optical material in which Abbe's number has no peculiar: value 
to satisfy the expression (38) , when it has the diffractive 
structure, because the axial chromatic aberration can be 
finely corrected, the width of the selection of the optical 
material can be spread, and the cost down of the material 
cost can be attained. 
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Vdi ^65.0 

Where, vdi : Abbe's number of d line of the first lens 
(i = 1 or 2) 

(2-13) Further, in each of objective lenses described 
above, when the reference wavelength is X (mm), the focal 
distance of the whole objective lens system is f (mm) , the 
number of the order of the diffracted light ray having the 
maximum diffracted light amount in the diffracted light ray 
generated in the dif tractive structure formed on the i-th 
surface is ni , the number of ring-shaped zone of the 
diffractive structure in the effective diameter of the i-th 
surface is Mi, and the minimum value of the ring-shaped zone 
interval of the diffractive structure in the effective 
diameter of the i-th surface is Pi (mm) , it is preferable 
that the following expression (39) is satisfied. In this 
manner, when the diffractive structure of the objective lens 
is determined so as to satisfy the expression (39) , the axial 
chromatic aberration generated on the objective lens can be 
finely corrected. In the case more than the lower limit of 
the expression (39) , the axial chromatic aberration of the 
wave front when the spot is formed on the information 
recording surface of the optical information recording medium 
is not too under corrected, and in the case lower than the 
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upper limit, the axial chromatic aberration of the wave front 
when the spot is formed on the information recording surface 
of the optical information recording medium is not too overly 
corrected. 

0.04 ^ f • • Z(ni/(Mi • Pi^) ) ^ 0.50 (39) 
(2-14) Further, in each of objective lenses described above, 
it is preferable that the next expression (40) is satisfied. 
In this manner, when the diffractive structure of the 
objective lens is determined so that the power of only the 
diffractive structure and power of the whole objective lens 
system satisfy the expression (40) , the axial chromatic 
aberration generated on the objective lens can be finely 
corrected. In the case more than the lower limit of the 
expression (40) , the axial chromatic aberration of the wave 
front when the spot is formed on the information recording 
surface of the optical information recording medium, is not 
too under corrected, and in the case lower than the upper 
limit, the axial chromatic aberration of the wave front when 
the spot is formed on the information recording surface of 
the optical information recording medium is not too overly 
corrected . 

0.01 ^ PD/PT ^ 0.20 (40) 

Where, PD: when the diffractive structure formed on the 
i -th surface is expressed by the optical path difference 
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function defined by <Pb = b2ih^ + b4ih^ + beih^ + ... (herein, h 
is the height (mm) from the optical axis), b2i, h^i, bgi, 
are respectively coefficients of optical path difference 
function of second order, fourth order, sixth order, . . . , ) , 
the power (mm"^) of only the diffractive structure defined by 
PD = E(-2 • b2i) , PT : the power (ram"^) of the whole system 
of the objective lens in which the refractive lens and the 
diffractive structure are combined. 

(2-15) Further, in each of objective lenses described above, 
it is preferable that the next expression (41) is satisfied. 
In this manner, when the axial chromatic aberration is 
corrected by adequately combining the diffraction action as 
the diffractive lens and the refractive action as the 
refractive lens, it is preferable that the expression (41) is 
satisfied. In the case lower than the upper limit of the 
expression (41) , even when the instantaneous wavelength 
change such as the mode hop phenomenon of the light source is 
generated, the light converging spot does not become too 
large . 

jA fB • NA^I ^0.25 (41) 

Where, A f B : the change (jim) of the focal position of 
the objective lens when the wavelength of the light source is 
changed by + 1 nm. 
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(2-16) Further, in each of objective lenses described above, 
when the diffraction action as the diffractive lens and the 
refractive action as the refractive lens are combined, as 
this diffractive lens, it has it has the axial chromatic 
aberration characteristic so as to be changed in the 
direction in which the back focus is reduced when the 
wavelength of the light source shifts to the long wavelength 
side, and it is preferable to satisfy the expression (42) , 
By this diffraction action, the spherical aberration on the 
long • short wavelength side is not corrected, and the axial 
chromatic aberration of the objective lens is overly 
corrected, and when the spherical aberration curve of the 
reference wavelength and the spherical aberration curve on 
the long • short wavelength side are crossed, the movement of 
the optimum writing position when the wavelength of the light 
source is sifted, can be suppressed to small, and the 
objective lens in which the mode hop phenomenon of the light 
source or the deterioration of the wave front aberration at 
the time of the high frequency superiraposition, is small, can 
be obtained, and further, thereby, the diffractive ring- 
shaped zone interval can be larger than the objective lens of 
the chromatic aberration over correction type. 
-1 < ACA/ ASA < 0 (42) 
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Where, ACA: the change amount (mm) of the axial 
chromatic aberration to the change of the wavelength, and 
ASA: the change amount (mm) of the spherical aberration of 
the marginal light ray to the change of the wavelength. 

(2-17) Further, in each of objective lenses described above, 
it is preferable that the next expression is satisfied. In 
this manner, when the ring-shaped zone interval of the 
diffractive structure, that is, the interval between the 
ring-shaped zones in the direction perpendicular to the 
optical axis satisfies the expression (43) , because the 
axial chromatic aberration is corrected, and the spherical 
aberration at the time of wavelength change can also be 
finely corrected, the collimator adjustment when the laser 
light source having the oscillation wavelength dislocated 
from the reference wavelength is assembled in the optical 
pick-up apparatus is necessary, thereby, the great reduction 
of the assembling time of the optical pick-up apparatus can 
be attained. When the light path difference function bias 
only secondary order optical path function coefficient 

(called also diffractive surface coefficient), (Ph/Pf) -2 =0, 
but, to finely correct the change of the spherical aberration 
generated by the minute wavelength change from the reference 
wavelength by the action of the diffraction, the high order 
optical path difference function coefficient of the optical 
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path difference function is used- In this case, it is 
preferable that the value which is some degree apart from 
(Ph/Pf) -2 = 0 is used, and when the value satisfies the 
expression (43) , the change of the spherical aberration due 
to the wavelength change can be finely negated by the action 
of the diffraction. When the lower limit is exceeded, the 
correction of the spherical aberration when the wavelength is 
changed from the reference wavelength is not too under, and 
when the value is lower than the upper limit, the correction 
of the spherical aberration when the wavelength is changed 
from the reference wavelength is not too over. 

0.2 ^ I (Ph/Pf ) -2I ^ 5.0 (43) 
Where, Pf : the diffractive ring-shaped zone interval 
(mm) in a predetermined image side numerical aperture 
necessary for conducting the recording and/or reproducing 
onto the optical information recording medium, Ph : the 
diffractive ring-shaped zone interval (mm) in the numerical 
aperture of 1/2 of a predetermined image side numerical 
aperture necessary for conducting the recording and/or 
reproducing onto the optical information recording medium. 

(2-18) Further, in each of objective lenses described 
above, it is preferable that ni order diffracted light amount 
generated in the diffractive structure formed on the i — th 
surface is larger than the diffracted light amount of any 
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other order, and ni order diffracted light ray generated in 
the diffractive structure for recording and/or reproducing 
onto the optical information recording medium can be 
converged onto the information recording surface of the 
optical information recording medium. This structure relates 
to the objective lens to conduct the recording and/or 
reproducing onto the optical information recording medium, by 
using the higher order, than second order, diffracted light 
ray. When the ring-shaped diffractive structure is formed so 
that the diffraction efficiency of the diffracted light ray 
of the higher order than the second order becomes maximum, 
the step difference between each of ring-shaped zones and the 
interval between each of ring-shaped zones are increased, and 
the accuracy of the shape requirement of the diffractive 
structure is not too severe. Generally, when the diffracted 
light ray more than second order is used, as compared to the 
case where the first order diffracted light ray is used, the 
lowering due to the wavelength change of the diffraction 
efficiency is large, but, when the light source near the 
single wavelength is used, because it seldom becomes a 
problem, an objective lens having the diffractive structure 
which is easily produced and has a sufficient diffraction 
efficiency, can be obtained. 



113 



4803 



(2-19) Further, in each of objective lenses described 
above, it is preferable that the next expressions (44) and 
(45) are satisfied. In this manner, the expression (44) is 
for adequately conducting the power distribution of the first 
lens and the second lens, and when the upper limit is not 
exceeded, that is, the power of the second lens is not too 
large, the radius of curvature of the third surface, that is, 
the surface on the light source side of the second lens, is 
not too small, thereby, the aberration deterioration due to 
the optical axis dislocation of the first lens and the second 
lens can be suppressed to small, and further, the error 
sensitivity to the central lens thickness of the second lens 
is not too large. When the lower limit is not exceeded, that 
is, the power of the first lens is not too large, the image 
height characteristic such as the coma or astigmatism can be 
finely corrected. Further, when the upper limit of the 
expression (45) is not exceeded, the degree of the meniscus 
of the first lens is not too large, and the aberration 
deterioration due to the axis dislocation between the first 
surface and the second surface of the first lens is not too 
large. When the lower limit is not exceeded, the correction 
of the spherical aberration is not insufficient. 
1.5 ^ fl/f2 ^ 5.0 (44) 
0.3 ^ (r2 + rl) / (r2 - rl) ^ 6.0 (45) 
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where, fi: the focal distance (mm) of the i-th lens 
(i = 1 or 2), ri : the paraxial radius of curvature (ram) of 
each surface (i = 1 or 2) . 

(2-20) Further, in each of objective lenses described 
above, it is preferable that it is formed of a material in 
which the using wavelength is not larger than 500 nm, and the 
internal transmissivi ty at the 3 mm thickness in the using 
wavelength area is not smaller than 85 %. In this manner, 
when the using wavelength is not larger than 50 0 nm, because 
the size of the spot converged onto the information recording 
surface can be reduced, the recording of the information with 
the higher density than the conventional optical information 
recording medium and/or the reproduction of the higher 
density recorded information is possible to the optical 
information recording medium. Further, it is preferable that 
the objective lens of the present invention is formed of the 
optical material in which the internal transmissivity ±s in 
the 3 mm thickness is not lower than 85 % to the light of the 
oscillation wavelength of the light source. When the short 
wavelength light source having the oscillation wavelength of 
not larger than 500 nm, specially, about 400 nm, is used, the 
lowering of the transmissivity due to the absorption of the 
light of the optical material is a problem, however, when the 
objective lens is formed of the material having the 
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transmissivity as described above, it is also unnecesary that 
the output of the light source is increased at the time of 
the recording, and further, the S/N ratio of the read out 
signal at the time of reproduction can be increased. 

(2-21) Further, in each of objective lenses described 
above, it is preferable that the objective lens is formed of 
a material in which the saturated water absorption is not 
larger than 0.5 %. In this manner, in a process in which the 
objective lens absorbs the water in the air, the refractive 
index distribution due to the difference of the water 
absorption is hardly generated in the optical element, and 
the lowering of the diffraction efficiency due to the 
aberration or the phase change generated thereby can be 
suppressed. Specially, when the numerical aperture of the 
objective lens is large, although the aberration generation 
or the diffraction efficiency lowering is apt to be 
increased, by the above description, it can be suppressed to 
sufficiently small. In this connection, as the plastic 
material, the polyolefine resin is preferable, and more 
preferably, norbornen resin of the polyolefine resin series. 

As described above, by each of objective lenses 
according to the present invention, even in the high NA 
objective lens composed of 2 positive lenses, an objective 
lens in which the diameter is small, the working distance is 
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large and the axial chromatic aberration generated due to the 
mode hop phenomenon of the laser light source is effectively 
corrected, and even in the high NA objective lens formed of 
the plastic material, an objective lens composed of 2 
positive lenses in which the applicable temperature range is 
large and the axial chromatic aberration generated due to the 
mode hop phenomenon of the laser light source is effectively 
corrected, can be obtained, however, when the light source in 
which the NA is large and the wavelength is shorter, is used 
and the recording density is made large, the influence of 
various errors, specially, the variation of the spherical 
aberration can not be neglected. 

Accordingly, the light converging optical system is a 
light converging optical system for recording and/or 
reproducing of the information of the optical information 
recording medium, and which includes the objective lens for 
light converging the light flux emitted from the light source 
onto the information recording surface of the optical 
information recording medium, and the objective lens is an 
each objective lens described above, and is characterized in 
that, between the light source and the objective lens, a 
means for correcting the variation of the spherical 
aberration generated on each optical surface of the light 
converging optical system is provided. As described above. 
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when a means for correcting the variation of the spherical 
aberration is provided between the light source and the 
objective lens, even when there are various errors, the light 
converging optical system by which the good light converging 
characteristic can be kept, can be obtained. 

(2-22) Further, another light converging optical system 
according to the present invention is a light converging 
optical system for recording and/or reproducing of the 
information of the optical information recording mediura, 
including the objective lens for light converging the light 
flux emitted from the light source onto the information 
recording surface of the optical information recording 
medium, and the objective lens is the objective lens 
described above, and it is characterized in that, between the 
light source and the objective lens, a means for correcting 
the variation of the spherical aberration generated due to 
the minute variation of the oscillation wavelength of the 
light source on each optical surface of the light converging 
optical system, is provided. As described above, when a 
means for correcting the variation of the spherical 
aberration generated due to the difference of the oscillation 
wavelength of the light source is provided, even when the 
laser light source having the oscillation wavelength 
dislocated from the reference wavelength is used, the light 
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converging optical system in which the light converging spot 
is good, can be obtained, and the selection of the laser 
light source is not necessary, and the reduction of the 
production time of the optical pick-up system can be 
attained. 

(2-23) Further, yet another light converging optical system 
according to the present invention is a light converging 
optical system for recording and/or reproducing of the 
information of the optical information recording medium, 
including the objective lens for light converging the light 
flux emitted from the light source onto the information 
recording surface of the optical information recording 
medium, and the objective lens is the objective lens 
described above, and it is characterized in that the light 
converging optical system includes an optical element formed 
of at least one plastic material, and a means for correcting 
the variation of the spherical aberration generated on each 
optical surface of the light converging optical system due to 
the temperature and humidity change is provided between the 
light source and the objective lens. In this manner, when a 
correction means for correcting the spherical aberration 
variation generated on the optical element formed of the 
plastic material due to the temperature and humidity change, 
is provided, because the light conversing spot can always be 
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kept fine even to the environmental change, the composition 
element including in the light converging optical system can 
be formed of the plastic material, and the large cost down 
can be attained. 

(2-24) Further, yet another light converging optical system 
according to the present invention is a light converging 
optical system for recording and/or reproducing of the 
information of the optical information recording medium, 
including the objective lens for light converging the light 
flux emitted from the light source onto the information 
recording surface of the optical information recording 
medium, and the objective lens is the objective lens 
described above, and it is characterized in that a means for 
correcting the variation of the spherical aberration 
generated due to the minute variation in the transparent 
substrate thickness of the optical information recording 
medium is provided between the light source and the objective 
lens. In this manner, when a correction means for correcting 
the variation of the spherical aberration generated due to 
the variation in the transparent substrate thickness of the 
optical information recording medium is provided, even when 
there is a production error in the optical information 
recording medium, because the light converging spot can 
always be kept fine, the requirement accuracy for the 
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production error of the optical information recording medium 
is not too severe, therefore, the mass productivity of the 
optical information recording medium can be enhanced. 

(2-25) Further, yet another light converging optical system 
according to the present invention is a light converging 
optical system for recording and/or reproducing of the 
information of the optical information recording medium, 
including the objective lens for light converging the light 
flux emitted from the light source onto the information 
recording surface of the optical information recording 
medium, and the objective lens is the objective lens 
described above, and it is characterized in that the 
variation of the spherical aberration generated on each 
optical surface (including the transparent substrate of the 
optical information recording medium) of the light converging 
optical system due to at least more than two combination of 
the minute variation of the transparent substrate thickness 
of the optical information recording medium, minute variation 
of the oscillation wavelength of the light source, and 
temperature and humidity change is corrected. In this 
manner, when a means for correcting the variation of th.e 
spherical aberration generated by the combination of thie 
temperature and humidity change, or the variation of th.e 
transparent substrate thickness of the optical information 
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recording medium, minute variation of the oscillation 
wavelength of the light source, is provided, the light 
converging optical system by which the light converging 
characteristic is always fine, can be obtained. When such 
the correction means is provided, the requirement for the 
production accuracy to the objective lens, light source, and 
the optical information recording medium is not too severe, 
and in spite of that, the light converging optical system 
with the good performance can be obtained. 

(2-26) Further, in each of light converging optical 
systems, it is preferable that the spherical aberration 
correction means has the variable refractive index 
distribution. In this manner, when the variation of the 
spherical aberration is corrected by an apparatus by which 
the distribution of refractive index is generated by the 
voltage application, the light converging optical system 
which has no movable portion and whose structure is simple, 
can be obtained. 

(2-27) Further, in each of light converging optical 
systems, it is preferable that the spherical aberration, 
correction means includes at least one optical element which 
moves along the optical axis, and in which the divergen.t 
degree of the emitted light flux can be changed thereby. In 
this manner, the spherical aberration correction means may 
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also be a composition which includes at least one optical 
element which moves along the optical axis, and in which the 
divergent degree of the emitted light flux can be changed 
thereby. When the optical element is moved along the optical 
axis, and thereby the divergent degree of the light flux 
incident upon the objective lens is changed, because the 
spherical aberrations generated by the temperature and 
humidity change, or the variation of the transparent 
substrate thickness of the optical information recording 
medium, or minute variation of the oscillation wavelength of 
the light source, are mainly the third order spherical 
aberrations, they can be corrected. 

(2-28) Further, in each of light converging optical 
systems, it is preferable that the optical element is formed 
of a material whose specific gravity is not larger than 2.0. 
In this manner, when the optical element which can move along 
the optical axis, is formed of the material whose specific 
gravity is not larger than 2.0, the optical element is 
sufficiently light in weight, and even when the variation of 
the spherical aberration occurs quickly, the light converging 
optical system having the spherical aberration correction 
means which can easily follow it can be obtained. Further, 
the optical element can be moved by the smaller size 
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actuator, and the size reduction of the optical pick-up 
apparatus can be attained. 

(2-29) Further, in each of the light converging optical 
systems, it is preferable that the optical element is formed 
of the plastic material. In this manner, when the optical 
element which can be moved along the optical axis, is formed 
of the plastic material, the mass production further can be 
conducted by the injection molding, and the low cost 
spherical aberration correction means can be obtained. 

(2-30) Further, in each of the light converging optical 
systems, in the light converging optical system by which the 
recording and/or reproducing of the information onto the 
optical information recording medium having the structure in 
which a plurality of transparent substrates and information 
recording layers are laminated in order from the front 
surface side can be conducted, it is preferable that, by 
moving the objective lens along the optical axis, the 
focusing is conducted for recording and/or reproducing of the 
information onto the plurality of information recording 
surfaces, and the variation of the spherical aberration 
generated by the difference of the thickness of the 
transparent substrates in the plurality of information 
recording layers is corrected by the spherical aberration 
correction means. 
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This light converging optical system relates to the 
light converging optical system for the optical pick-up 
apparatus by which the recording and/or reproducing of the 
information onto the optical information recording medium 
having the structure in which a plurality of transparent 
substrates and information recording layers are laminated in 
order from the front surface side of the optical information 
recording medium, can be conducted. When the spherical 
aberration due to the difference in thickness of the 
transparent substrate from the front surface to the 
information recording layer, can be finely corrected by the 
spherical aberration correction means, and further, when the 
objective lens is moved in the optical axis direction, 
because it can be focused on the desired information 
recording layer, the good wave front can be formed on 
respective information recording surfaces. Accordingly, two 
times or more capacity of the information can be recorded 
and/or reproduced on the single side surface of the optical 
information recording medium. 

(2-31) Further, the optical pick-up apparatus according to 
the present invention has: the light source to generate the 
light of the wavelength of not greater than 500 nm; a means 
for correcting the variation of the spherical aberration; and 
the light converging optical system including the objective 
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lens to converge the light flux through the spherical 
aberration correction means onto the information recording 
surface of the optical information recording medium, and is 
an optical pick-up apparatus in which, when the reflected 
light from the information recording surface is detected, the 
recording and/or reproducing of the information is conducted 
on the optical information recording medium, the optical 
pick-up apparatus is characterized in that it comprises: the 
first detecting means by which, when the reflected light from 
the information recording surface is detected, the tracking 
error and/or focusing error of the objective lens is 
detected; and the first drive apparatus to drive the 
objective lens so that the tracking error and/or focusing 
error is decreased, corresponding to the detection result of 
the first detection means; and the second detection means for 
detecting the variation of the spherical aberration generated 
in the light converging optical system, when the reflected 
light from the information recording surface is detected; and 
the second drive apparatus to drive the spherical aberration 
correction means to decrease the variation of the spherical 
aberration, corresponding to the detection result of the 
second detection means, and the light converging optical 
system is each of the light converging optical systems. 



126 



4803 



This optical pick-up apparatus relates to an optical 
pick-up apparatus to conduct the recording and/or reproducing 
onto the optical information recording medium of the next 
generation of the higher density • larger capacity than DVD. 
When the diffractive structure having the wavelength 
characteristic in which the back focus of the objective lens 
is decreased when the wavelength of the light source side is 
minutely changed to the long wavelength side, is provided on 
at least one surface of the objective lens, the axial 
chromatic aberration generated in the objective lens, which 
is a problem when the light source of short wavelength not 
larger than 500 nm, is used, is effectively corrected, and 
further, when the spherical aberration correction means is 
provided between the light source and the objective lens, the 
variation of the spherical aberration generated on eachi 
optical surface in the light converging optical system is 
finely corrected. The second drive means drives the 
spherical aberration correction means, and in this case, 
while the signal by the second detection means for detecting 
the light converging condition of the light flux conver-ged 
onto the information recording surface, is being monitored, 
the spherical aberration correction means is driven so that 
the spherical aberration generated in the light converging 
optical system is optimally corrected. As this drive means, 
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a voice coil type actuator, or piezoelectric actuator can be 
used. 

(2-32) Further, the present invention is characterized in 
that the optical pick-up element is mounted. When the 
optical pick-up apparatus is mounted in the recording 
apparatus ■ reproducing apparatus of the sound • image, by 
the recording apparatus of the sound and/or image, or the 
reproducing apparatus of the sound and/or image, the 
recording or reproducing of the sound • image can be finely 
conducted on the optical information recording medium of the 
next generation of the higher density • the larger capacity 
than DVD. 

(3-1) In the objective lens used for the optical pick-up 
apparatus for the information recording reproducing which 
has; a light converging optical system including the 
objective lens to converge the light flux from the light 
source having the different wavelengths onto the recording 
surface of the optical information recording medium; and the 
light receiving means for detecting the reflected light from 
the recording surface, and which can record and/or repr-oduce 
the information onto a plurality of optical information 
recording media whose transparent substrate thickness are 
different, an objective lens described in (3-1) is 
characterized in that: it is composed of the first lens of 
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the positive refracting power and the second lens of the 
positive refracting power arranged in order from the light 
source side, the first lens and the second lens are 
respectively formed of the material whose specific gravity is 
not larger than 2.0, and has the ring-shaped diffractive 
structure on at least one surface, and when the thickness of 
the transparent substrates of arbitrary two optical 
information recording media are tl and t2 (t2 < t2), in a 
plurality of optical information recording media in which the 
thickness of the transparent substrates are respectively 
different, the wavelength when the information is recorded or 
reproduced onto the optical information recording medium 
having the thickness of the transparent substrate of tl, is 
Xl, and the wavelength when the information is recorded or 
reproduced onto the optical information recording medium 
having the thickness of the transparent substrate of t2 , is 
A,2 (A,l < X2) , and a predetermined image side numerical 
aperture necessary for conducting the recording or 
reproducing onto the optical information recording medium 
with the thickness of the transparent substrate of tl, by the 
light flux of the wavelength 7il , is NAl , and a predetermined 
image side numerical aperture necessary for conducting the 
recording or reproducing onto the optical information 
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recording medium with the thickness of the transparent 
substrate of t2 , by the light flux of the wavelength X2 , is 
NA2 (NAl ^ NA2) , the wave front aberration is not larger 
than 0.07 ?il rms, to the combination of the wavelength A.1 and 
the thickness tl of the transparent substrate and the image 
side numerical aperture NAl, and the wave front aberration is 
not larger than 0.0 7 'kl rms, to the combination of the 
wavelength Xl and the thickness t2 of the transparent 
substrate and the image side numerical aperture NA2 . 

(3-2) In the objective lens used for the optical pick-up 
apparatus for the information recording reproducing which 
has; a light converging optical system including the 
objective lens to converge the light flux from the light 
source having the different wavelengths onto the recording 
surface of the optical information recording medium; and the 
light receiving means for detecting the reflected light from 
the recording surface, and which can record and/or reproduce 
the information onto a plurality of optical information, 
recording media whose transparent substrate thickness are 
different, an objective lens described in (3-2) is 
characterized in that: it is composed of the first lens of 
the positive refracting power and the second lens of thie 
positive refracting power arranged in order from the light 



130 



4803 



source side, the first lens and the second lens are 
respectively formed of the plastic material, and has the 
ring-shaped diffractive structure on at least one surface, 
and when the thickness of the transparent substrates of 
arbitrary two optical information recording media are tl and 
t2 (t2 < t2) , in a plurality of optical information recording 
media in which the thickness of the transparent substrates 
are respectively different, the wavelength when the 
information is recorded or reproduced onto the optical 
information recording medium having the thickness of the 
transparent substrate of tl, is Xl , and the wavelength when 
the information is recorded or reproduced onto the optical 
information recording medium having the thickness of the 
transparent substrate of t2, is ?i2 {Kl < A-2), and a 
predetermined image side numerical aperture necessary for 
conducting the recording or reproducing onto the optical 
information recording medium with the thickness of the 
transparent substrate of tl, by the light flux of the 
wavelength ^1, is NAl, and a predetermined image side 
numerical aperture necessary for conducting the recording or 
reproducing onto the optical information recording medium 
with the thickness of the transparent substrate of t2, by the 
light flux of the wavelength X2 , is NA2 (NAl ^ NA2), the 
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wave front aberration is not larger than 0.07 :^1 rms, to the 
combination of the wavelength Xl and the thickness tl of the 
transparent substrate and the image side numerical aperture 
NAl, and the wave front aberration is not larger than 0.07 X,2 
rms, to the combination of the wavelength ?i2 and the 
thickness t2 of the transparent substrate and the image side 
numerical aperture NA2 . 

(3-3) Further, the objective lens described in (3-3) is 
characterized in that: in (3-1) or (3-2), to the combination 
of the wavelength ^2 and the thickness t2 of the transparent 
substrate and the image side numerical aperture NA2 , the wave 
front aberration is not larger than 0.07 ?i2 rms, and to the 
combination of the wavelength X2 and the thickness t2 of the 
transparent substrate and the image side numerical aperture 
NAl, the wave front aberration is not smaller than 0.07 X2 
rms . 

(3-4) Further, the objective lens described in (3-4) is 
characterized in that: in (3-1), (3-2) or (3-3), to the 
combination of an object point of a predetermined position 
and the wavelength Xl and the thickness tl of the transparent 
substrate and the image side numerical aperture NAl, the wave 
front aberration is not larger than 0.07 Xl. rms, and to the 
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combination of the object point at a distance optically equal 
to the predetermined position and the wavelength X2 and the 
thickness t2 of the transparent substrate and the image side 
numerical aperture NA2 , the wave front aberration is not 
larger than 0.07 X2 rms . 

(3-5) Further, the objective lens described in (3-5) is 
characterized in that: in (3-1), (3-2) or (3-3), to the 
combination of the object point of a predetermined position 
and the wavelength X± and the thickness tl of the transparent 
substrate and the image side numerical aperture NAl, the wave 
front aberration is not larger than 0.07 ^1 rms, and to the 
combination of the object point at a distance optically 
unequal to the predetermined position and the wavelength X2 
and the thickness t2 of the transparent substrate and the 
image side numerical aperture NA2 , the wave front aberration 
is not larger than 0.0 7 %2 rms. 

(3-6) Further, the objective lens described in (3-6) is 
characterized in that: in any one of (3-1) to (3-5), in the 
surface from the first surface to the third surface, at least 
2 surfaces are aspherical. 

(3-7) Further, the objective lens described in (3-7) is 
characterized in that: in any one of (3-1) to (3-6), the 
following expression is satisfied. 
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0.4^1 (Ph/Pf ) - 2 I ^ 25 (46) 
Where, Pf : the diffractive ring-shaped zone interval 
at a predetermined image side numerical aperture NAl 
necessary for conducting the recording or reproducing onto 
the optical information recording medium in which the 
thickness of the transparent substrate is tl, Ph: the 
diffractive ring-shaped zone interval at 1/2 numerical 
aperture of NAl . 

(3-8) Further, the objective lens described in (3-8) is 
characterized in that: in any one of (3-1) to (3-7), the next 
expression is satisfied. 

1.3 ^ fl/f2 ^ 4.0 (47) 
0.3 ^ (r2 + rl)/(r2 - rl) ^ 3.2 (48) 
Where, f i : the focal distance of the i-th lens (when 
the i-th lens has the diffractive structure, the focal 
distance of the whole system of the i-th lens in which the 
refractive lens and the diffractive structure are combined, 
ri : the paraxial radius of curvature of each surface. 

(3-9) Further, the objective lens described in (3-9) is 
characterized in that: in any one of (3-1) to (3-8), the next 
expression is satisfied. 

tl ^ 0 . 6 mm (49) 
t2 ^ 0 . 6 mm (50) 
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Xl. ^ 500 



nm 



(51) 



600 nm ^ A,2 ^ 8 00 nm 



(52) 



NAl ^0.65 



(53) 



NA2 ^0.65 



(54) 



(3-10) Further, the objective lens described in (3-10) is 
characterized in that: in any one of (3-1) to (3-9), it is 
formed of the material whose internal transmissivity in the 3 
mm thickness in the using wavelength area is not lower than 
85 %. 

(3-11) Further, the objective lens described in (3-11) is 
characterized in that; in any one of (3-1) to (3-10), it is 
formed of the material in which the saturated water 
absorption is not larger than 0.5 %. 

(3-12) Further, the light converging optical system 
described in (3-12) is a light converging optical system 
including the light source whose wavelength is different, and 
the objective lens to light converge the light flux emitted 
from the light source onto the information recording surface 
through the transparent substrate of the optical information 
recording medium, and a light converging optical system for 
the recording reproducing by which the information can be 
recorded and/or reproduced onto a plurality of optical 
information recording media in which the thickness of the 
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transparent substrates are different, and the objective lens 
is an objective lens described in any one of (3-1) to (3-11) , 
and the light converging optical system described in (3-12) 
is characterized in that: when arbitrary 2 wavelengths are Xl 
and X.2 {Xl < X2) in the wavelengths which are different from 
each other, and the thickness of the transparent substrates 
of arbitrary 2 optical information recording media are tl and 
t2 (tl < t2) in a plurality of optical information recording 
media in which the thickness of the transparent substrates 
are different from each other, and a predetermined image side 
numerical aperture necessary for recording or reproducing the 
information onto the optical information recording medium in 
which the thickness of the transparent substrate is tl, by 
the light flux of the wavelength Xl , is NAl, and a 
predetermined image side numerical aperture necessary for 
recording or reproducing the information onto the optical 
information recording medium in which the thickness of the 
transparent substrate is t2, by the light flux of the 
wavelength X2 , is NA2 (NAl ^ NA2 ) , the light converging can 
be conducted so that the wave front aberration is not larger 
than 0.07 A,l rms, to the combination of the wavelength Xl , 
the thickness tl of the transparent substrate and the image 
side numerical aperture NAl, and the wave front aberration is 
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not larger than 0.07 ^2 rms , to the combination of the 
wavelength X,2 , the thickness t2 of the transparent substrate 
and the image side numerical aperture NA2 , and between the 
light source and the objective lens, a spherical aberration 
correction means for correcting the variation of the 
spherical aberration generated on each optical surface of the 
light converging optical system, is provided. 

(3-13) Further, the light converging optical system 
described in (3-13) is a light converging optical system 
including the light source whose wavelength is different, and 
the objective lens to light converge the light flux emitted 
from the light source onto the information recording surface 
through the transparent substrate of the optical information 
recording medium, and a light converging optical system for 
the recording reproducing by which the information can be 
recorded and/or reproduced onto a plurality of optical 
information recording media in which the thickness of the 
transparent substrates are different, and the objective lens 
is an objective lens described in any one of (3-1) to (3-11), 
and the light converging optical system described in (3-13) 
is characterized in that: when arbitrary 2 wavelengths are A,l 
and X2 {Xl < X.2) in the wavelengths which are different from 
each other, and the thickness of the transparent substr-ates 
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of arbitrary 2 optical information recording media are tl and 
t2 (tl < t2) in a plurality of optical information recording 
media in which the thickness of the transparent substrates 
are different from each other, and a predetermined image side 
numerical aperture necessary for recording or reproducing the 
information onto the optical information recording medium in 
which the thickness of the transparent substrate is tl, by 
the light flux of the wavelength A,l , is NAl , and a 
predetermined image side numerical aperture necessary for 
recording or reproducing the information onto the optical 
information recording medium in which the thickness of the 
transparent substrate is t2, by the light flux of the 
wavelength ?i2 , is NA2 {NAl ^ NA2), the light converging can 
be conducted so that the wave front aberration is not larger 
than 0.07 Xl rms, to the combination of the wavelength X,l , 
the thickness tl of the transparent substrate and the image 
side numerical aperture NAl, and the wave front aberration is 
not larger than 0.07 X2 rms, to the combination of the 
wavelength X2 , the thickness t2 of the transparent substrate 
and the image side numerical aperture NA2 , and between the 
light source and the objective lens, a spherical aberration 
correction means for correcting the variation of the 
spherical aberration generated on each optical surface of the 
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light converging optical system due to the temperature • 
humidity change, is provided. 

(3-14) Further, the light converging optical system 
described in (3-1 4) is a light converging optical system 
including the light source whose wavelength is different, and 
the objective lens to light converge the light flux emitted 
from the light source onto the information recording surface 
through the transparent substrate of the optical information 
recording medium, and a light converging optical system for 
the recording reproducing by which the information can be 
recorded and/or reproduced onto a plurality of optical 
information recording media in which the thickness of the 
transparent substrates are different, and the objective lens 
is an objective lens described in any one of (3-1) to (3-11) , 
and the light converging optical system described in (3-14) 
is characterized in that: when arbitrary 2 wavelengths are A,l 
and A,2 (X,l < A,2) in the wavelengths which are different from 
each other, and the thickness of the transparent substrates 
of arbitrary 2 optical information recording media are tl and 
t2 (tl < t2) in a plurality of optical information recording 
media in which the thickness of the transparent substrates 
are different from each other, and a predetermined image side 
numerical aperture necessary for recording or reproducing the 
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information onto the optical information recording medium in 
which the thickness of the transparent substrate is tl, by 
the light flux of the wavelength Xl , is NAl, and a 
predetermined image side numerical aperture necessary for 
recording or reproducing the information onto the optical 
information recording medium in which the thickness of the 
transparent substrate is t2, by the light flux of the 
wavelength A.2 , is NA2 (NAl ^ NA2) , the light converging can 
be conducted so that the wave front aberration is not larger 
than 0.07 Xl rms , to the combination of the wavelength Xl , 
the thickness tl of the transparent substrate and the image 
side numerical aperture NAl, and the wave front aberration is 
not larger than 0.07 X2 rms, to the combination of the 
wavelength X2 , the thickness t2 of the transparent substrate 
and the image side numerical aperture NA2 , and between the 
light source and the objective lens, a spherical aberration 
correction means for correcting the variation of the 
spherical aberration generated on each optical surface of the 
light converging optical system due to the minute variation 
of the transparent substrate thickness of the optical 
information recording medium, is provided. 

(3-15) Further, the light converging optical system 
described in (3-13) is a light converging optical system 
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including the light source whose wavelength is different, and 
the objective lens to light converge the light flux emitted 
from the light source onto the information recording surface 
through the transparent substrate of the optical information 
recording medium, and a light converging optical system for 
the recording reproducing by which the information can be 
recorded and/or reproduced onto a plurality of optical 
information recording media in which the thickness of the 
transparent substrates are different, and the objective lens 
is an objective lens described in any one of (3-1) to (3-11) , 
and the light converging optical system described in (3-15) 
is characterized in that: when arbitrary 2 wavelengths are A,l 
and Xl {Xl < X2) in the wavelengths which are different from 
each other, and the thickness of the transparent substr-ates 
of arbitrary 2 optical information recording media are tl and 
t2 (tl < t2) in a plurality of optical information recording 
media in which the thickness of the transparent substrates 
are different from each other, and a predetermined image side 
numerical aperture necessary for recording or reproducing the 
information onto the optical information recording medium in 
which the thickness of the transparent substrate is tl, by 
the light flux of the wavelength Xl , is NAl , and a 
predetermined image side numerical aperture necessary £or 
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recording or reproducing the information onto the optical 
information recording medium in which the thickness of the 
transparent substrate is t2 , by the light flux of the 
wavelength Xl , is NA2 (NAl ^ NA2 ) , the light converging can 
be conducted so that the wave front aberration is not larger 
than 0.07 X,l rms , to the combination of the wavelength ?tl , 
the thickness tl of the transparent substrate and the image 
side numerical aperture NAl, and the wave front aberration is 
not larger than 0.07 A,2 rms, to the combination of the 
wavelength X.2 , the thickness t2 of the transparent substrate 
and the image side numerical aperture NA2 , and between the 
light source and the objective lens, a spherical aberration 
correction means for correcting the variation of the 
spherical aberration generated on each optical surface of the 
light converging optical system due to the minute variation 
of the oscillation wavelength of the light source, is 
provided . 

(3-16) Further, the light converging optical system 
described in (3-16) is a light converging optical system 
including the light source whose wavelength is different, and 
the objective lens to light converge the light flux em±tted 
from the light source onto the information recording surface 
through the transparent substrate of the optical information 
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recording medium, and a light converging optical system for 
the recording reproducing by which the information can be 
recorded and/or reproduced onto a plurality of optical 
information recording media in which the thickness of the 
transparent substrates are different, and the objective lens 
is an objective lens described in any one of (3-1) to (3-11) , 
and the light converging optical system described in (3-16) 
is characterized in that: when arbitrary 2 wavelengths are Xl 
and X.2 {Xl < X2) in the wavelengths which are different from 
each other, and the thickness of the transparent substrates 
of arbitrary 2 optical information recording media are tl and 
t2 (tl < t2) in a plurality of optical information recording 
media in which the thickness of the transparent substrates 
are different from each other, and a predetermined image side 
numerical aperture necessary for recording or reproducing the 
information onto the optical information recording medium in 
which the thickness of the transparent substrate is tl, by 
the light flux of the wavelength X.1 , is NAl , and a 
predetermined image side numerical aperture necessary for 
recording or reproducing the information onto the optical 
information recording medium in which the thickness of the 
transparent substrate is t2 , by the light flux of the 
wavelength X2 , is NA2 (NAl ^ NA2) , the light converging can 
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be conducted so that the wave front aberration is not larger 
than 0.07 A,l rms, to the combination of the wavelength Xl , 
the thickness tl of the transparent substrate and the image 
side numerical aperture NAl, and the wave front aberration is 
not larger than 0.07 X2 rms, to the combination of the 
wavelength A,2 , the thickness t2 of the transparent substrate 
and the image side numerical aperture NA2, and between the 
light source and the objective lens, a spherical aberration 
correction means for correcting the variation of the 
spherical aberration generated on each optical surface of the 
light converging optical system due to the combination more 
than at least 2 of the temperature • humidity change, the 
minute variation of the transparent thickness of the optical 
information recording medium, and the minute vibration of the 
oscillation wavelength of the light source, is provided. 

(3-17) Further, the light converging optical system 
described in (3-17) is characterized in that: in any one of 
(3-12) to (3-16) , the spherical aberration correction means, 
to respective optical information recording media having the 
thickness of the transparent substrates which are different 
from each other, changes the divergent angle of the light 
flux incident upon the objective lens corresponding to 
respective thickness of the transparent substrates. 
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(3-18) Further, the light converging optical system 
described in (3-18) is characterized in that: in any one of 
(3-12) to (3-15), in the light converging optical system 
spherical aberration correction means, the refractive index 
distribution is changeable. 

(3-19) Further, the light converging optical system 
described in (3-19) is characterized in that: in any one of 
(3-12) to (3-17) , the spherical aberration correction means 
has a structure of a beam expander which includes at least 
one positive lens and at least one negative lens, and which 
almost parallely emits the light flux which is almost 
parallely incident, and at least one lens of the positive 
lens and the negative lens is a movable element which is 
movable along the optical axis direction. 

(3-20) Further, the light converging optical system 
described in (3-20) is characterized in that: in (3-19) , the 
positive lens and the negative lens satisfy the next 
expression. 

VdP > VdN (55) 

Where, vdP : the average value of Abbe's number of d 
line of the positive lens included in the spherical 
aberration correction means, VdN: the average value of Abbe's 
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number of d line of the negative lens included in the 
spherical aberration correction means. 

(3-21) Further, the light converging optical system 
described in (3-21) is characterized in that: in (3-20), the 
positive lens and the negative lens satisfy the next 
expression. 

VdP > 55.0 (56) 

VdN < 35.0 (57) 

(3-22) Further, the light converging optical system 
described in (3-22) is characterized in that: in (3-21) , when 
the difference between the average value of Abbe's number of 
d line of the positive lens included in the spherical 
aberration correction means, and the average value of Abbe's 
number of d line of the negative lens included in the 
spherical aberration correction means is Av, the next 
expression is satisfied, and the movable element is formed of 
a material whose specific gravity is not larger than 2.0. 
30 ^ Av ^ 50 (58) 

(3-23) Further, the light converging optical system 
described in (3-23) is characterized in that: in (3-19) , 
Abbe's number of the whole positive lens included in thie 
spherical aberration correction means is not larger tha.n 
7 0.0, and Abbe's number of the whole negative lens included 
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in the spherical aberration correction means is not smaller 
than 40.0, and has the dif tractive surface having at least 
one ring-shaped diffractive structure. 

(3-24) Further, the light converging optical system 
described in (3-24) is characterized in that: in (3-22) or 
(3-23), the movable element is formed of the material whose 
specific gravity is not larger than 2.0. 

(3-25) Further, the light converging optical system 
described in (3-25) is characterized in that: in (3-22), (3- 
13) or (3-24) , the spherical aberration correction means is 
formed of the plastic material. 

(3-26) Further, the light converging optical system 
described in (3-26) is characterized in that: in (3-25), the 
spherical aberration correction means is formed of the 
material whose saturated water absorption is not larger than 
0.5 %. 

(3-27) Further, the light converging optical system 
described in (3-27) is characterized in that: in any one of 
(3-19) to (3-27) , the spherical aberration correction means 
is formed of the material whose internal transmissivity at 
the 3 mm thickness in the using wavelength area is not 
smaller than 85 %. 

(3-2 8) Further, the light converging optical system 
described in (3-28) is characterized in that: in any one of 
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(3-19) to (3-27) , the spherical aberration correction means 
is composed of one positive lens and one negative lens, at 
least one aspherical surface, and at least one of the 
positive lens and the negative lens is a movable element 
which can move along the optical axis direction. 

(3-29) Further, the light converging optical system 
described in (3-29) is characterized in that: in (3-28), the 
movable element moves along the optical axis direction so 
that the interval between the positive lens and the negative 
lens is decreased when the spherical aberration of the 
optical system is varied to the over side, and when the 
spherical aberration of the optical system is varied to the 
under side, it moves along the optical axis direction so that 
the interval between the positive lens and the negative lens 
is increased. 

(3-30) Further, the light converging optical system 
described in (3-30) is characterized in that: in (3-28) or 
(3-29) , in a plurality of optical information recording media 
in which the thickness of the transparent substrates are 
different from each other, when the thickness of the 
transparent substrates of 2 arbitrary optical information 
recording media are tl and t2 (tl < t2) , the movable eLement 
is moved along the optical axis direction so that the 
interval between the positive lens and the negative lens is 
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increased, when the information is recorded or reproduced 
onto the optical information recording medium in which the 
thickness of the transparent substrate is tl, and when the 
information is recorded or reproduced onto the optical 
information recording medium in which the thickness of the 
transparent substrate is t2 , it is moved along the optical 
axis direction so that the interval between the positive lens 
and the negative lens is decreased. 

(3-31) Further, the light converging optical system 
described in (3-31) is characterized in that: in any one of 
(3-12) to (3-17) , the spherical aberration correction means 
is a coupling lens by which the divergent angle of the 
divergent light emitted from the light source is changed, and 
the coupling lens is a movable element which can be moved 
along the optical axis direction. 

(3-32) Further, the light converging optical system 
described in (3-32) is characterized in that: in (3-31), the 
spherical aberration correction means is a single lens in 
which at least one surface is a diffractive surface having 
the ring-shaped diffractive structure. 

(3-33) Further, the light converging optical system 
described in (3-32) is characterized in that: in (3-32), in 
the spherical aberration correction means, at lest one 
surface is made aspherical surface whose radius of curvature 
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is increased as it is apart from the optical axis, and at 
least one surface is made a diffractive surface having the 
ring-shaped diffractive structure. 

(3-34) Further, the light converging optical system 
described in (3-34) is characterized in that: in (3-33) , in 
the spherical aberration correction means, the surface on the 
light source side is macroscopically a spherical diffractive 
surface, and the surface far from the light source is an 
aspherical surface whose radius of curvature is increased as 
it is apart from the optical axis. 

(3-35) Further, the light converging optical system 
described in (3-35) is characterized in that: in (3-31), the 
spherical aberration correction means is a one group two lens 
composition in which the positive lens with relatively large 
Abbe's number and the negative lens with relatively small 
Abbe's number are cemented. 

(3-3 6) Further, the light converging optical system 
described in (3-36) is characterized in that: in (3-35), the 
positive lens and the negative lens satisfy the next 
expression, and it has at least one a.spherical surface. 
VdP > 55.0 (59) 
VdN < 3 5.0 (60) 
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Where, vdP: Abbe's number of d line of the positive 
lens, vdN: Abbe's number of d line of the negative lens. 

(3-37) Further, the light converging optical system 
described in (3-37) is characterized in that: in any one of 
(3-31) to (3-36), the spherical aberration correction means 
is formed of the material whose specific gravity is not 
larger than 2.0. 

(3-38) Further, the light converging optical system 
described in (3-38) is characterized in that: in (3-37) , the 
spherical aberration correction means is formed of the 
plastic material. 

(3-39) Further, the light converging optical system 
described in (3-39) is characterized in that: in (3-38), the 
spherical aberration correction means is formed of the 
material whose saturated water absorption is not larger than 
0.5 %. 

(3-40) Further, the light converging optical system 
described in (3-40) is characterized in that: in any one of 
(3-31) to (3-39) , the spherical aberration correction means 
is formed of the material whose internal transmissivity is 
not smaller than 85 % at the 3 mm thickness in the using 
wavelength area. 

(3-41) Further, the light converging optical system 
described in (3-41) is characterized in that: in any one of 
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(3-31) to (3-40) , the spherical aberration correction means 
moves along the optical axis direction so that the interval 
to the objective lens is increased when the spherical 
aberration of the light converging optical system is varied 
to the over side, and when the spherical aberration of the 
light converging optical system is varied to the under side, 
it moves along the optical axis direction so that the 
interval to the objective lens is decreased. 

(3-42) Further, the light converging optical system 
described in (3-42) is characterized in that: in any one of 
(3-31) to (3-41) , in a plurality of optical information 
recording media in which the thickness of the transparent 
substrates are different from each other, when the thickness 
of the transparent substrates of 2 arbitrary optical 
information recording media are tl and t2 (tl < t2), the 
movable element is moved along the optical axis direction so 
that the interval to the objective lens is decreased, when 
the information is recorded or reproduced onto the optical 
information recording medium in which the thickness of the 
transparent substrate is tl, and when the information is 
recorded or reproduced onto the optical information recording 
medium in which the thickness of the transparent substr-ate is 
t2, it is moved along the optical axis direction so that the 
interval to the objective lens is increased. 
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(3-43) Further, the light converging optical system 
described in (3-43) is characterized in that: in any one of 
(3-12) to (3-42) , the next expression is satisfied. 



tl ^ 0.6 mm (61) 

t2 ^ 0.6 mm (62) 

Xl 500 nm (63) 

600 nm ^ 'K2 ^800 nm (64) 

NAl ^0.65 (65) 

NA2 ^ 0.65 (66) 



(3-44) Further, the light converging optical system 
described in (3-44) is characterized in that: in any one of 
(3-12) to (3-43) , the paraxial chromatic aberration of the 
composite system of the spherical aberration correction means 
and the objective lens satisfies the next expression. 

|5fBi • NAi^l ^ 0.25 M-m (i = 1 and 2) (67) 
Where, 8f Bi : the change of the focal position of the 
composite system when the wavelength Xi of the light source 
is changed by + 1 nm. 

(3-45) Further, the optical pick-up apparatus described in 
(3-45) corapises: a light converging optical system including 
the light source whose wavelength is different, and the 
objective lens to light converge the light flux emitted from 
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the light source onto the information recording surface, and 
a spherical aberration correction means arranged between the 
light source and the objective lens; a light receiving means 
for detecting the reflected light from the recording surface; 
the first drive apparatus to drive the objective lens to 
light converge onto the recording surface by detecting the 
reflected light; and the second drive apparatus to detect the 
light converging condition of the light flux light converged 
onto the recording surface by detecting the reflected light, 
and to actuate the spherical aberration correction means, 
wherein the an optical pick-up apparatus for the information 
recording reproducing by which the information can be 
recorded and/or reproduced onto a plurality of optical 
information recording media in which the thickness of the 
transparent substrates are different, and the light 
converging optical system is the light converging optical 
system described in any one of the (3-12) to (3-44) . 

As (3-1) , the objective lens appropriate for the 
optical pick-up apparatus by which the information can be 
recorded or reproduced at the different wavelength onto the 
arbitrary optical information recording media whose 
transparent substrate thickness are different, can be 
obtained, and when the objective lens is composed of 2 
positive lenses, the generation amount of the aberration on 
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each of refractive surfaces is small, and even in the light 
flux in which NA is not smaller than 0.65, various 
aberrations including the spherical aberration can be finely- 
corrected, and further, when each of lenses is formed of the 
material whose specific gravity is not larger than 2.0, even 
when the objective lens is composed of 2 lenses in which the 
NA is large and the volume of the lens is large, the weight 
is light, and there is no burden on the actuator for focusing 
of the objective lens, and the high speed tracking can be 
conducted, or it can be driven by a smaller size actuator, 
and the size of the optical pick-up apparatus can be reduced. 
Further, when the lens is composed of 2 lens composition, 
even when the NA is large such as not smaller than 0.65, the 
objective lens in which the deterioration of the aberrations 
due to the errors such as eccentricity of each refractive 
surface is small and which can be easily produced, can be 
obtained. Further, by the action of the diffractive 
structure, to the combination of the wavelength A,l , the 
thickness tl of the transparent substrate, and the image side 
numerical aperture NAl , under the condition in which the wave 
front aberration is not larger than 0.07 Xl , and to the 
combination of the wavelength X2 , the thickness t2 of the 
transparent substrate, and the image side numerical aperture 
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NA2 , under the condition in which the wave front aberration 
is not larger than 0.07 X2 , because the light flux can be 
converged onto the information recording surface, by using 
the light sources with the different wavelengths, the 
information can be adequately recorded and/or reproduced onto 
the optical information recording media with the different 
transparent substrate thickness. 

Further, by providing the wavelength characteristic in 
which the back focus of the objective lens is reduced when 
the oscillation wavelength of the light source is varied to 
the long wavelength side, onto the diffractive structure, the 
chromatic aberration generated on the objective lens can be 
effectively corrected. 

Further, the first lens of the objective lens according 
to the present invention may be a 1 group 2 composition, lens 
in which the positive lens having relatively large Abbe's 
number and the negative lens having relatively small Abbe's 
number are cemented. When the first lens is structured as 
described above, the chromatic aberration generated in the 
whole objective lens system can be effectively corrected, and 
further, when the both of the positive lens and the negative 
lens are formed of the material whose specific gravity is not 
lather than 2.0, even when it is the 1 group 2 lens 
composition, it can be formed to a lens with light weight. 
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Further, in the same manner as also for the second 
lens, the second lens may be a 1 group 2 composition lens in 
which the positive lens having relatively large Abbe's number 
and the negative lens having relatively small Abbe's number 
are cemented. When the second lens is structured as 
described above, the chromatic aberration generated in the 
whole objective lens system can be effectively corrected, and 
further, when the both of the positive lens and the negative 
lens are formed of the material whose specific gravity is not 
lather than 2.0, even when it is the 1 group 2 lens 
composition, it can be formed to a lens with light weight. 

As described in (3-2), when each lens is structured by 
the plastic material, the aspherical surface or diffractive 
structure can be easily added, and further, the mass 
production becomes possible by the injection molding, and the 
low cost objective lens can be obtained. 

As described in (3-3), in the objective lens in which 
the spherical aberration is finely corrected to the 
combination of the wavelength ll , the thickness tl of the 
transparent substrate, and the image side numerical aperture 
NAl, it is preferable that, to the combination of the 
wavelength ^2, the thickness t2 of the transparent substrate, 
and the image side numerical aperture NA2 , the spherical 
aberration to the range of the necessary numerical apeirture 
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NA2 is corrected by the action of the dif tractive structure, 
and in the range from the numerical aperture NA2 to the NAl , 
the spherical aberration is largely generated as the flare 
component. When the light flux of the wavelength \2 is 
incident so that it passes through the whole aperture 
determined by the wavelength A,l and the numerical aperture 
NAl, in the light flux more than the numerical aperture NA2 
which does not contribute to the focusing of the spot, 
because the spot diameter is not too small on the information 
recording surface, the detection of the unnecessary signal in 
the light receiving means of the optical pick-up apparatus 
can be prevented, and further, because it is not necessary 
that a means for switching the aperture corresponding to the 
combination of respective wavelengths and the numerical 
apertures is provided, the simple optical pick-up apparatus 
can be obtained. 

As described in (3-4) , when the position of the object 
point to the recording medium in which the transparent 
substrate thickness is small is equal to the position of the 
object point to the recording medium in which the transparent 
substrate thickness is large, for example, when the 
collimated parallel light is incident on the objective lens 
in any chase, the spherical aberration due to the difference 
of the thickness of the transparent substrate is corrected by 
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the action of only the diffractive structure. Further, 
because it is not necessary that the mechanism to change the 
divergent degree of the light flux incident on the objective 
lens is provided to respective recording media in which the 
thickness of the transparent substrate is different, the 
simple structure optical pick-up apparatus can be obtained. 

As described in (3-5) , when the position of the object 
point to the recording medium in which the transparent 
substrate thickness is small is different from the position 
of the object point to the recording medium in which the 
transparent substrate thickness is large, for example, when 
the parallel light is incident on the objective lens to the 
recording medium in which the transparent substrate thickness 
is small, and when the divergent light is incident on the 
objective lens to the recording medium in which the 
transparent substrate thickness is large, because the 
spherical aberration due to the difference of the thickness 
of the transparent substrate can be corrected to a certain 
extent by the difference of the object point, the spherical 
aberration can be more accurately corrected. Further, 
because the burden of the spherical aberration correction of 
the diffractive structure can be lightened, the shape of the 
diffractive structure can be the easily producible shape, and 
the diffraction efficiency can be increased. Further, when 
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the divergent light is incident on the objective lens to the 
recording medium in which the thickness of the transparent 
substrate is large, because the working distance can be 
secured largely, the contact of the objective lens with the 
recording medium by the warping or inclination of the 
recording medium can be prevented. 

As described in (3-6), in the 4 refractive surfaces in 
total, when at least 2 surfaces from the first surface to the 
third surface are aspherical surfaces, other than the 
spherical aberration, further the coma and astigmatism can be 
finely corrected, and the deterioration of the light 
converging performance due to the tilt of the objective lens 
or the dislocation between the optical axis and the light 
source can be reduced. Further, when the lens is made of 
plastic, the refractive surface can be easily formed to the 
aspherical surface, and the production cost is not increased. 

The conditional expression described in (3-7) relates 
to the ring-shaped zone interval of the diffractive 
structure, that is, the interval between the ring-shaped 
zones of the direction perpendicular to the optical axis. 
When the optical path function has only the optical path 
function coefficient (also called the diffractive surface 
coefficient), (Ph/Pf) -2 = 0, but, in the present invention, 
in order to finely correct the difference of the spherical 
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aberration generated due to the difference of the transparent 
substrate thickness by the action of the diffraction, it is 
preferable that the higher order optical path difference 
function coefficient of the optical path difference function 
is used. In this case, it is preferable that (Ph/Pf) -2 is a 
value some extent apart from 0, and when it is larger than 
the lower limit in the conditional expression, because the 
action of the diffraction to correct the higher order 
spherical aberration is increased, the difference of the 
spherical aberration between 2 wavelengths generated due to 
the difference of the transparent substrate thickness can be 
finely corrected. When it is lower than the upper limit in 
the conditional expression, the ring-shaped zone interval of 
the diffractive structure does not become too small, and the 
diffractive lens whose diffraction efficiency is high, can be 
easily produced. 

The conditional expression (47) described in (3-8) is 
the expression by which the refractive force distribution of 
the first lens and the second lens can be conducted, and when 
it does not exceed the upper limit of the conditional 
expression (47) , the third surface, that is, the radius of 
curvature of the surface of the light source side of the 
second lens does not become too small, and the aberration 
deterioration due to the optical axis dislocation can t>e 
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suppressed to small, and when the lower limit of the 
conditional expression (47) is not exceeded, the image height 
characteristic such as the coma or astigmatism can be finely 
corrected. Further, when the upper limit of the conditional 
expression (4 8) is not exceeded, the degree of the meniscus 
of the first lens is not too large, the spherical aberration 
due to the axis dislocation between the first surface and the 
second surface of the fist lens is not too large. When the 
lower limit is not exceeded, the correction of the spherical 
aberration is not insufficient. 

When the conditional expressions (49) to (54) described 
in (3-9) are satisfied, the recording • reproducing onto both 
the optical information recording medium such as, for 
example, the DVD and the optical information recording medium 
with the higher density, can be conducted. Further, when the 
transparent substrate thickness of the optical information 
recording medium is not larger than 0.6 mm, the correction 
effect of the spherical aberration by the transparent 
substrate is reduced, but, because the objective lens is 2 
lens composition, the spherical aberration can be 
sufficiently corrected, and further, even when the NA of the 
objective lens is not smaller than 0.65, the generation of 
the coma due to the minute tilt or warping of the optical 
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information recording medium is small, and the fine light 
converging performance can be obtained. 

As described in (3-10) , when the material whose 
internal transmissivity to the 3 mm thick material in the 
using wavelength range, is not smaller than 85 % is used, the 
intensity of the light for the recording can be sufficiently 
obtained, and even when the light passes through the 
objective lens in going and returning, at the reading out for 
the reproducing, the light amount incident on the sensor can 
be sufficiently obtained, and the S/N ratio of the reading 
out signal can be increased. Further, when the wavelength is 
not larger than 500 nm, specially, about 400 nm, although the 
deterioration of the lens material due to the absorption can 
not be neglected, when the objective lens is formed of the 
material which satisfies the above conditions, the influence 
of the deterioration is slight, and it can be used semi- 
permanently. 

When the material is selected as described in (3-11) , 
in the process in which each lens absorbs the water in the 
air, the refractive index distribution due to the difference 
of the water absorption is hardly generated in the lens, and 
the aberration thereby can be decreased. Specially, when the 
NA is large, there is an inclination that the generation of 
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the aberration is increased, however, it can be sufficiently- 
decreased when it is made as described above. 

As described above, by (3-1) to (3-11) , a good 
objective lens can be obtained by applying for the recording 
• reproducing onto several kinds of the optical information 
recording medium, however, when the recording density is 
increased by using the light source in which the NA is large 
and the wavelength is shorter, the influence of various 
errors, specially, the variation of the spherical aberration 
can not be neglected. Accordingly, when the spherical 
aberration correction means for correcting the variation of 
the spherical aberration is provided between the light source 
and the objective lens as described in (3- 12) , even when 
there are the various errors, the good light converging 
characteristic can be maintained, and a good light converging 
optical system for recording - reproducing onto several kinds 
of optical information recording media can be obtained- 

As described in (3-13) , when a spherical aberration 
correction means for correcting the spherical aberration 
generated due to the change of the temperature • humidity in 
the objective lens, specially in the objective lens formed of 
the plastic lens, is provided, the light converging optical 
system in which the light converging spot is good even for 
the environmental change, can be obtained. 
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As described in (3-14) , when a spherical aberration 
correction means for correcting the variation of the 
spherical aberration generated by the variation of the 
transparent substrate thickness of the optical information 
recording medium is provided, even when the production error 
exists in the optical information recording medium, the light 
converging optical system in which the light converging spot 
is good, can be obtained. 

As described in (3-15) , when a spherical aberration 
correction means for correcting the variation of the 
spherical aberration generated by the difference of the 
oscillation wavelength of the light source is provided, even 
when the error exists in the light source apparatus, the 
light converging optical system in which the light converging 
spot is good, can be obtained. 

As described in (3-16), when a spherical aberration 
correction means for correcting the variation of the 
spherical aberration generated by the combinations of at 
least two of the temperature • humidity change, variation of 
the transparent substrate thickness of the optical 
information recording medium, and variation of the 
oscillation wavelength of the light source, is provided, the 
light converging optical system in which the light converging 
characteristic is always good, can be obtained. When such 
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the spherical aberration correction means is provided, the 
requirement accuracy for the objective lens, light source, 
and the optical information recording medium is not too 
severe, and in spite of that, the light converging optical 
system having the good performance, can be obtained. 

According to (3-17), the spherical aberration 
correction means can change the divergent angle so that the 
light flux incident on the objective lens is changed 
corresponding to the kind of the optical information 
recording medium from the infinite light to the definite 
light, reversely, from the definite light to the infinite 
light . 

As described in (3-18), by an apparatus by which the 
distribution of the refractive index is generated by, for 
example, the voltage application, when the variation of the 
spherical aberration is corrected, there is no movable 
portion, and the light converging optical system having the 
mechanically simple structure can be obtained. 

As described in (3-19), when the spherical aberration 
correction means is the structure of a beam expander 
including at least one positive lens and at least one 
negative lens, and at least one lens can be moved along the 
optical axis direction, the divergent degree of the light 
flux incident on the objective lens can be changed, ancd the 
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spherical aberration can be changed. Further, when the 
positive lens and the negative lens are included, the 
chromatic aberration is easily corrected, and when the lens 
position is fixed, the divergent degree by the wavelength 
variation, that is, the variation of the spherical aberration 
can be suppressed, and even when the spherical aberration 
correction means can not follow by the instantaneously 
generated wavelength variation such as the mode hop, the 
light converging optical system in which the light converging 
spot is good, can be obtained. 

When Abbe's numbers of the positive lens and the 
negative lens are selected so that the conditional expression 
(55) of (3-20) is satisfied, the light converging optical 
system having the spherical aberration correction means in 
which the chromatic aberration is finely corrected, can be 
obtained. 

When the conditional expression (56) and the 
conditional expression (57) of (3-21) are satisfied, the 
light converging optical system having the spherical 
aberration correction means in which the chromatic aberration 
is more finely corrected, can be obtained. 

It is more preferable when the difference of Abbe's 
numbers of the positive lens and the positive lens is 
selected so that the conditional expression (58) of (3-22) is 
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satisfied. When the lower limit of the conditional 
expression (58) is not exceeded, the correction of the 
chromatic aberration becomes easy, and the refractive force 
of the positive lens and the negative lens is not too large, 
and the chromatic aberration can be corrected, and the light 
converging optical system in which the deterioration of the 
image height characteristic such as the coma is small, can be 
obtained. When the upper limit of the conditional expression 
(58) is not exceeded, the material can be easily obtained, 
and it does not become the material in which there is a 
problem in the internal transmissivity or process-ability. 
Further, when the material of the movable element is formed 
of the material whose specific gravity is not larger than 
2.0, the movable element is sufficiently light, and even when 
the variation of the spherical aberration is quickly 
generated, the light converging optical system having the 
spherical aberration correction means which can easily follow 
up it, can be obtained. 

As described in (3-23) , when the positive lens is 
formed of the material in which Abbe's number is not larger 
than 70, the material in which the acid resistance or weather 
resistance is excellent, can be selected, and when the 
negative lens is formed of the material in which Abbe's 
number is not smaller than 40, the material in which ttie 
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internal transraissivity , specially, the transmissivity in the 
short wavelength is excellent, can be selected, and when the 
ring-shaped diffractive structure is provided, the correction 
of the chromatic aberration can also be sufficiently 
conducted. Further, when the wavelength characteristic in 
which the same order diffracted light ray by the light flux 
with at least 2 different wavelengths respectively form good 
wave fronts to at least 2 kinds of optical information 
recording media whose thickness of the transparent substrate 
are different, is provided on the diffractive structure, the 
recording and/or reproducing onto a plurality of the optical 
information recording media in which the thickness of the 
transparent substrates are different can be conducted. 

As described in (3-24), when the movable element is 
formed of the material whose specific gravity is not larger 
than 2.0, the movable element is sufficiently light, and even 
when the variation of the spherical aberration is quickly 
generated, the light converging optical system having the 
spherical aberration correction means which can easily follow 
up it, can be obtained. 

As described in (3-25) , when each lens is structured by 
the plastic material, the mass production is further 
possible, and the low cost spherical aberration correction 
means can be obtained. 
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when the system is processed as described in (3-26) , in 
the process in which each lens absorbs the water in the air, 
the refractive index distribution due to the difference of 
the water absorption is hardly generated in the lens, and the 
spherical aberration generated thereby or the diffraction 
efficiency lowering due to the phase change can be 
suppressed. Specially, when the NA is large, there is an 
inclination that the spherical aberration or the diffraction 
efficiency lowering is increased, but when it is carried out 
as described above, they can be sufficiently reduced. 

As described in (3-27), when the material in which the 
internal transmissivity is not smaller than 85 % to the 3 mm 
thickness of the material in the using wavelength range, is 
used, the intensity of the light for the recording, or even 
when the light passes through the spherical aberration 
correction means at going and returning at the time of 
reading out for reproducing, and is incident on the sensor, 
the light amount can be sufficiently obtained, and the S/N 
ratio of the reading out signal can be increased. Further, 
when the wavelength is not larger than 500 nm, speciallLy, 
about 400 nm, the deterioration of the lens material dxae to 
the absorption can not be neglected, but when the mate^rial in 
which the above condition is satisfied, is used for the 
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spherical aberration correction means, the influence of the 
deterioration is slight, and it can be used semi -permanently . 

When the spherical aberration correction means is 
structured as described in (3-28) , although the structure is 
simple and the cost is low, the spherical aberration 
correction means having good performance can be realized. 

As described in (3-29) , in the case where the spherical 
aberration is varied to the over (correction over) direction 
in the light converging optical system, when the interval 
between the positive and the negative lenses is made so as to 
be decreased, that is, when the divergent degree of the light 
flux incident on the objective lens is made so as to be 
increased, the spherical aberration in the under (correction 
under) direction is generated in the objective lens, and on 
the whole, the spherical aberration is corrected. Reversely, 
in the case where the spherical aberration is varied to the 
under (correction under) direction in the light converging 
optical system, when the interval between the positive and 
the negative lenses is made so as to be increased, that is, 
when the divergent degree of the light flux incident on the 
objective lens is made so as to be decreased, the over 
(correction over) spherical aberration is generated in the 
objective lens, therefore, on the whole system, the spherical 
aberration is corrected. 
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In the case where the objective lens is corrected so 
that the aberration becomes good to the transparent substrate 
whose thickness is tl, when the recording and/or the 
reproducing of the information is conducted onto the optical 
information recording medium having the transparent substrate 
whose thickness is t2 , the spherical aberration of the over 
direction is generated in the transparent substrate. In this 
case, as described in (3-30), when the interval between the 
positive lens and the negative lens is made so as to be 
decreased, that is, when the divergent degree of the light 
flux incident on the objective lens is made so as to be 
increased, the spherical aberration of the under direction is 
generated in the objective lens, and on the whole, the 
spherical aberration is corrected. Further, in the case 
where the objective lens is corrected so that the aberration 
becomes good to the transparent substrate whose thickness is 
t2, when the recording and/or the reproducing of the 
information is conducted onto the optical information 
recording medium having the transparent substrate whose 
thickness is tl, the spherical aberration of the under 
direction is generated in the transparent substrate, 
therefore, when the interval between the positive lens and 
the negative lens is made so as to be increased, that is, 
when the divergent degree of the light flux incident on. the 
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objective lens is made so as to be decreased, the spherical 
aberration of the over direction is generated in the 
objective lens, and on the whole, the spherical aberration is 
corrected. 

According to (3-31) , as the spherical aberration means, 
a coupling lens which is a movable element so that it can 
move in the optical axis direction, is arranged between the 
light source and the objective lens, and the variation of the 
spherical aberration generated on each optical surface 
including the optical information recording medium can be 
corrected by moving the coupling lens, and the divergent 
angle can be changed so that the light flux in which the 
coupling lens makes incident on the objective lens 
corresponding to the kind of the optical information 
recording medium, is changed from the infinite light to the 
definite light, reversely, from the definite light to the 
infinite light. 

According to (3-32) , by the coupling lens, the axial 
chromatic aberration can be corrected on the ring-shaped 
diffractive surface, and the spherical aberration correction 
means with a simple structure can be formed. Further, when 
the wavelength characteristic in which the same order 
diffracted light ray by the light flux with at least 2 
different wavelengths respectively form good wave fronts to 
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at least 2 kinds of optical information recording media whose 
thickness of the transparent substrate are different, is 
provided on the diffractive structure, the recording and/or 
reproducing onto a plurality of the optical information 
recording media in which the thickness of the transparent 
substrates are different, can be conducted. 

As described in (3-33) , when at least one surface is 
formed to an aspherical surface in which the radius of 
curvature is increased as it is apart from the optical axis, 
even when it is a one piece of coupling lens, the spherical 
aberration can be finely corrected, and further, when one 
surface is formed to the ring-shaped diffractive surface, the 
chromatic aberration can be overly corrected. 

As described in (3-34) , when the surface far from the 
light source of the coupling lens is formed to an aspherical 
surface in which the radius of curvature is increased as it 
is apart from the optical axis, the coma other than the 
spherical aberration can also be corrected. Further, when 
the surface on the light source side is formed to a 
macroscopically spherical diffractive surface, although, it is 
the simple structure, the chromatic aberration can be overly 
corrected as described above. 

As described in (3-35), even when the coupling lens is 
structured by 1 group 2 composition cemented lens, the 
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spherical aberration correction means in which the chromatic 
aberration is adequately over -corrected, can be obtained. 

As described in (3-36), when at least one surface is an 
aspherical surface, because the spherical aberration can be 
corrected, the correction effect of the spherical aberration 
by the cemented surface may not be expected, and the 
correction of the chromatic aberration can be appropriately 
conducted. When the conditional expressions (59) and (60) 
are satisfied, the spherical aberration correction means 
having the better performance can be obtained. 

As described in (3-37) , when the coupling lens is 
formed of the material whose specific gravity is not larger 
than 2.0, the weight of the spherical aberration correction 
means can be sufficiently light, and even when the variation 
of the spherical aberration is quickly generated, the light 
converging optical system having the spherical aberration 
correction means which can easily follow up it, can be 
obtained. 

As described in (3-38), when the coupling lens is 
structured by the plastic material, the mass production 
further becomes possible by the injection molding, and the 
low cost spherical aberration correction means can be 
obtained. 
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When it is processed as described in (3-39) , in the 
process in which the coupling lens absorbs the water in the 
air, the refractive index distribution due to the difference 
of the water absorption is hardly generated in the lens, and 
the spherical aberration generated thereby or the diffraction 
efficiency lowering due to the phase change can be 
suppressed. Specially, when the NA is large, there is an 
inclination that the spherical aberration or the diffraction 
efficiency lowering is increased, but when it is carried out 
as described above, they can be sufficiently reduced. 

As described in (3-40), when the material in which the 
internal transmissivity is not smaller than 85 % to the 3 mm 
thickness of the material in the using wavelength range, is a 
material of the coupling lens, the intensity of the light for 
the recording is sufficiently obtained, or even when the 
light passes through the spherical aberration correction 
means at going and returning at the time of reading out for 
reproducing, and is incident on the sensor, the light amount 
can be sufficiently obtained, and the S/N ratio of the 
reading out signal can be increased. Further, when the 
wavelength is not larger than 500 nm, specially, about 400 
nm, the deterioration of the lens material due to the 
absorption can not be neglected, but when the material in 
which the above condition is satisfied is used for the 
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spherical aberration correction means, the influence of the 
deterioration is slight, and it can be used semi -permanently . 

As described in (3-41) , in the case where, in the light 
converging optical system, the spherical aberration is varied 
to the over direction, when the coupling lens is varied so 
that the interval to the objective lens is increased, that 
is, when the divergent degree of the light flux incident on 
the objective lens is made so as to be increased, the 
spherical aberration in the under direction is generated in 
the objective lens, and on the whole, the spherical 
aberration is corrected. Reversely, in the case where, in 
the light converging optical system, the spherical aberration 
is varied to the under direction, when the coupling lens is 
varied so that the interval to the objective lens is 
decreased, that is, when the divergent degree of the light 
flux incident on the objective lens is made so as to be 
decreased, the over spherical aberration is generated in the 
objective lens, therefore, on the whole system, the spherical 
aberration is corrected. 

In the case where the objective lens is corrected so 
that the aberration becomes good to the transparent sut>strate 
whose thickness is tl, when the recording and/or the 
reproducing of the information is conducted onto the optical 
information recording medium having the transparent substrate 
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whose thickness is t2, the spherical aberration of the over 
direction is generated in the transparent substrate. In this 
case, as described in (3-42) , when the coupling lens is moved 
so that the interval to the objective lens is increased, that 
is, when the divergent degree of the light flux incident on 
the objective lens is increased, the spherical aberration of 
the under direction is generated in the objective lens, and 
on the whole, the spherical aberration is corrected. 
Further, in the case where the objective lens is corrected so 
that the aberration becomes good to the transparent substrate 
whose thickness is t2 , when the recording and/or the 
reproducing of the information is conducted onto the optical 
information recording medium having the transparent substrate 
whose thickness is tl, the spherical aberration of the under 
direction is generated in the transparent substrate, 
therefore, when the coupling lens is moved so that the 
interval to the objective lens is decreased, that is, when 
the divergent degree of the light flux incident on the 
objective lens is made so as to be decreased, the spher-ical 
aberration of the over direction is generated in the 
objective lens, and on the whole, the spherical aberration is 
corrected . 

When the conditional expressions (61) to (66) of (3-43) 
are satisfied, the light converging optical system which can 
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record • reproduce onto both of the optical information 
recording medium such as, for example, DVD, and the higher 
density optical information recording medium, can be 
obtained , 

When the chromatic aberration is corrected so that the 
conditional expression (67) of (3-44) is satisfied, even when 
the NA is not smaller than 0.65, the spread of the spot size 
due to the minute wavelength variation of the light source 
can be sufficiently prevented. 

When the optical pick-up apparatus is structured as 
described in (3-45) , the high performance and low cost 
optical pick-up apparatus by which the recording and/or 
reproducing onto both of the optical information recording 
medium in which the recording bit size is small and the 
recording density is large, and the optical information 
recording medium in which the recording bit size is 
comparatively large and the recording density is 
comparatively small, is finely conducted, can be obtained. 
Further, by the selection of the light converging optical 
system, the optical pick-up apparatus having the above - 
described characteristic is obtained. 

(4-1) The light conversing optical system described In (4- 
1) is a light converging optical system of an optical pick-up 
apparatus for recording and/or reproducing of the optical 
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information recording medium including a coupling lens to 
convert the divergent angle of the divergent light emitted 
from the light source, and an objective lens to light 
converge the light flux passed through the coupling lens onto 
the information recording surface through the transparent 
substrate of the optical information recording medium, 
wherein the ring-shaped diffractive structure is formed on at 
least one optical surface of the optical element constituting 
the light converging optical system, and the coupling lens is 
two group composition, and when at least one lens group 
constituting the coupling lens is moved along the optical 
axis direction, the variation of the spherical aberration 
generated on each optical surface of the light converging 
optical system is corrected. 

The light converging optical system described in (4-1) 
relates to a preferable structure of the light converging 
optical system used for an optical pick-up apparatus to 
conduct the recording and/or reproducing onto the optical 
information recording medium of the next generation of the 
higher density • larger capacity than DVD. When the 
diffractive structure having the wavelength characteristic in 
which the back focus of the objective lens is decreased when 
the wavelength of the light source side is minutely changed 
to the long wavelength side, is provided on at least one 
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surface of the optical element constituting the light 
converging optical system, the axial chromatic aberration 
generated in the objective lens, which is a problem when the 
light source of short wavelength such as the blue violet 
semiconductor laser, is used, is effectively corrected. The 
position to provide the diffractive structure may also be on 
the optical element except for the coupling lens optionally 
arranged on the light source side from the objective lens, 
however, when it is provided on the objective lens and/or the 
coupling lens, because the structural elements of the light 
converging optical system are not increased, the optical 
pick-up apparatus can be made to small size, which is 
preferable. Further, when the diffractive structure is 
provided on the optical surface of the coupling lens, because 
the diffraction power can be shared among more than 2 optical 
surfaces, the minimum ring-shaped zone interval of the 
diffractive structure provided on one optical surface can be 
increased, thereby, the diffraction efficiency can be 
increased . 

Further, in two lens groups constituting the coupling 
lens, when at least one can be moved along the optical axis 
direction, the variation of the spherical aberration 
generated on each optical surface in the light converging 
optical system, specially, on the optical surface of the 
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objective lens, can be corrected. The spherical aberration 
largely generated in the objective lens due to the minute 
variation of the oscillation wavelength of the light source, 
and/or temperature and humidity change, and/or the error of 
the thickness of the transparent substrate of the optical 
information recording medium, which is a problem when the 
high numerical aperture objective lens necessary for 
recording the information in the higher density than the 
conventional optical information recording medium, and/or 
reproducing the information recorded in the higher density, 
is used, can be corrected in real time, therefore, the 
adequate spot can always be formed on the information 
recording surface of the optical information recording 
medium . 

Further, when the lens group which can be moved of the 
coupling lens is moved along the optical axis, the spherical 
aberration generated due to the molding error of the optical 
element forming the light converging optical system can also 
be corrected. Generally, when the optical system is produced 
by the molding method using the metallic die, the error is, 
for example, the thickness error of the center or the shape 
error of the optical surface, which is generated due to the 
processing error of the metallic die, or the molding error of 
the optical element. When the component of the aberration 
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generated by these errors is the third order spherical 
aberration, in the light converging optical system according 
to the present invention, it can be corrected when the lens 
group which can be moved, of the coupling lens is moved along 
the optical axis direction. Accordingly, the tolerance 
amount at the production of the optical element forming the 
light converging optical system can be made large, thereby, 
the productivity can be increased. 

(4-2) The light converging optical system described in (4- 
2) is characterized in that: the light source emits the light 
of the wavelength not larger than 600 nm, and the axial 
chromatic aberration generated by the refractive action of 
each refractive surface in light converging optical system 
and the axial chromatic aberration generated by the 
diffractive structure are cancelled. 

As described in (4-2), when the light source which 
generates the oscillation wavelength of not larger than 600 
nm is used, the recording in the higher density than the 
conventional optical information recording medium, and /or 
the reproducing of the high density recorded information can 
be conducted onto the optical information recording medium, 
however, the axial chromatic aberration generated in the 
light converging optical system, specially, in the objective 
lens is a problem. When the axial chromatic aberration 



183 



4803 



generated on each refractive surface of the light converging 
optical system and the axial chromatic aberration with the 
reversal polarity are generated in the diffractive structure, 
the wave front when the spot is formed on the information 
recording surface of the optical information recording medium 
through the light converging optical system is in the 
condition that the axial chromatic aberration is cancelled, 
and on the whole of the light converging optical system, in 
the range of the variation of the wavelength of the light 
source, the system in which the axial chromatic aberration is 
corrected, can be structured. 

In this connection, it is preferable that the light 
converging optical system of the present invention is formed 
of the optical material in which the internal transraissivity 
is not smaller than 85 % at the 3 ram thickness to the light 
of the oscillation wavelength of the light source. When the 
short wavelength light source having the oscillation 
wavelength of not larger than 500 nm, specially, about 400 
nm, is used, the lowering of the transmissivity due to the 
absorption of the light of the optical material is a problem, 
but when the light converging optical system is formed of the 
material having the internal transmissivity as described 
above, even when the output of the light source is not 
increased at the recording, the spot of the high light amount 
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can be formed, and further, the S/N ratio of the reading out 
signal at the time of the reproducing can be increased. 

Further, it is preferable that the light converging 
optical system of the present invention is formed of the 
material in which the saturated water absorption is not 
larger than 0.5 %. When the system is thus formed, the 
refractive index distribution due to the difference of the 
water absorption is hardly generated in the optical element, 
in the process in which each optical element constituting the 
light converging optical system absorbs the water in the air, 
and the aberration generated thereby or the lowering of the 
diffraction efficiency due to the phase change, can be 
suppressed. Specially, when the numerical aperture of the 
objective lens is large, there is an inclination that the 
aberration generation or the diffraction efficiency lowering 
is increased, however, when it is formed as described above, 
they can be suppressed to sufficiently small. 

(4-3) The light converging optical system described in (4- 
3) is characterized in that: the axial chromatic aberration 
of the composite system composed of the coupling lens, the 
optical element on which the diffractive structure is 
provided, and the objective lens, satisfies the following 
expression . 

jAfB • NA^I ^ 0.25 ^m (68) 



185 



4803 



Where, NA: the image side numerical aperture of a 
predetermined objective lens necessary for conducting the 
recording and/or reproducing onto the optical information 
recording medium, Af B : the change (jxm) of the focal 
distance of the composite system when the wavelength of the 
light source is changed by + 1 nm. 

In the case where, by using the action of the 
dif tractive structure, the axial chromatic aberration of the 
light converging optical system, that is, the axial chromatic 
aberration generated on each refractive surface of the light 
converging optical system is corrected, it is preferable that 
the axial chromatic aberration of the composite system 
composed of the coupling lens, the optical element on which 
the diffractive structure is provided, and the objective 
lens, satisfies the conditional expression (68) of (4-3). 
(4-4) The light converging optical system described in (4-4) 
is characterized in that: the image side numerical aperture 
of a predetermined objective lens necessary for conducting 
the recording and/or reproducing onto the optical information 
recording medium is not smaller than 0.65, and the thickness 
of the transparent substrate of the optical information 
recording medium is not larger than 0.6 mm. 

As described in (4-4) , when the image side numerical 
aperture (NA) of a predetermined objective lens necessary for 
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conducting the recording and/or reproducing onto the optical 
information recording medium is increased to not smaller than 
0.65 (in the conventional optical information recording 
medium, for example, in the CD, 0.45, and in the DVD, 0.60), 
because the size of the spot converged onto the information 
recording surface can be decreased, the recording in the 
higher density than the conventional optical information 
recording medium and/or the reproduction of the information 
recorded in the higher density can be conducted onto the 
optical information recording medium. However, when the 
numerical aperture of the objective lens is thus increased, 
the generation of the coma due to the inclination of th.e 
optical information recording medium from the surface 
perpendicular to the optical axis, or the warping, is 
increased, which is a problem. When the thickness of the 
transparent substrate of the optical information recording 
medium is decreased, such the generation of the coma can be 
suppressed. When the numerical aperture of the objective 
lens is increased to not smaller than 0.65, it is preferable 
that the thickness (t) of the transparent substrate of the 
optical information recording medium is decreased to not 
larger than 0 . 6 mm (in the conventional optical information 
recording medium, for example, in the CD, 1.2 mm, and in the 
DVD, 0.6 mm) . Specifically, it is preferable that, in the 
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case of 0.65 ^NA ^0.70, 0.3^t^0.6 mm, and in the 
case of 0.70 ^NA ^0.85, O.O^t^O.Smm. 

(4-5) The light converging optical system described in (4- 
5) is characterized in that: in the lens groups constituting 
the coupling lens, the lens group which can be moved along 
the optical axis, has the positive refracting power, and 
satisfies the next expression. 

4 ^ fcp/foBj ^1.7 (69) 
Where, fc? : the focal distance (mm) of the lens group 
having the positive refracting power, which can be moved 
along the optical axis, f obj : the focal distance (mm) of the 
objective lens. 

As described in (4-5), when, in lens groups 
constituting the coupling lens, the lens group having the 
positive refracting power is made movable along the optical 
axis, it is preferable that the expression (69) is satisfied. 
When the upper limit of the expression (69) is not exceeded, 
it is enough that the movement amount for correcting the 
spherical aberration variation generated in the light 
converging optical system is small, therefore, on the whole, 
the compact light converging optical system can be formed. 
When the lower limit of the expression (69) is not exceeded, 
because the refracting power of the lens group which can be 
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moved, can be suppressed to small, the generation of the 
aberration in the lens group which can be moved, can be 
suppressed. Further, when both of 2 lens groups constituting 
the coupling lens have the positive refracting power, by- 
satisfying the expression (69) , because the share of the 
refracting power on the 2 lens groups can be well balanced, 
respective lens groups can be formed to the shape which can 
be easily produced. 

(4-6) The light converging optical system described in (4- 
6) is characterized in that: in the lens groups constituting 
the coupling lens, the lens group which can be moved along 
the optical axis, has the negative refracting power, and 
satisfies the next expression. 

-20 ^ fcN/foBj ^ -3 (70) 

Where, fen : the focal distance (mm) of the lens group 
having the negative refracting power, which can be moved 
along the optical axis, fosj: the focal distance (mm) of the 
objective lens. 

As described in (4-6) , when, in lens groups 
constituting the coupling lens, the lens group having the 
negative refracting power is made movable along the optical 
axis, it is preferable that the expression (70) is satisfied. 
When the lower limit of the expression (70) is not exceeded, 
it is enough that the movement amount for correcting thie 
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spherical aberration variation generated in the light 
converging optical system is small, therefore, on the whole, 
the compact light converging optical system can be formed. 
When the upper limit of the expression (70) is not exceeded, 
because the refracting power of the lens group which can be 
moved, can be suppressed to small, the generation of the 
aberration in the lens group which can be moved, can be 
suppressed. Further, because, in the 2 lens groups 
constituting the coupling lens, the refracting power of the 
lens group having the positive refracting power can be 
suppressed to small, the generation of the aberration in the 
lens group having the positive refracting power can be 
suppressed, and the lens group can be formed to the shape 
which can be easily produced. 

(4-7) The light converging optical system described in (4- 
7) is characterized in that: the objective lens is one group 
1 lens composition, and at least one surface is formed to the 
aspherical surface . 

As described in (4-7) , when the objective lens is one 
group one lens composition in which at least one surface is 
an aspherical surface, an objective lens which is a simple 
structure such as one group one lens composition, and lay 
which the spherical aberration and the coma are finely 
corrected, and which is adequate for the optical pick-up 
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apparatus by which the recording in higher density than the 
conventional optical information recording medium and/or 
reproducing of the information which is high density 
recorded, can be conducted onto the optical information 
recording medium, can be obtained. Further, it is more 
preferable that both surfaces are formed to the aspherical 
surfaces, and thereby, the aberration can be more accurately 
corrected. Further, when the objective lens is structured by 
the one group one lens composition, even when the numerical 
aperture is increased, because the working distance can be 
secured largely, the contact of the objective lens with the 
optical recording medium due to the warping or the 
inclination of the optical information recording medium, can 
be prevented. 

(4-8) The light converging optical system described in (4- 
8) is characterized in that: the objective lens is 2 group 2 
lens composition, and at least 2 surfaces of the lenses from 
the first surface to the third surface are aspherical 
surfaces . 

As described in (4-8) , when the objective lens is the 2 
group 2 lens composition, because the refracting power to the 
light beams can be shared on 4 surfaces, even when the 
numerical aperture is increased, it is enough that the 
refracting power for one surface is small. As the result. 
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the eccentricity tolerance between the lens surfaces at the 
time of the metallic mold processing or the lens formation 
can be increased, thereby, it can be a lens which can be 
easily produced. Further, when the refracting power to the 
light beams is shared on 4 surfaces, because the allowance is 
generated in the aberration correction action of the 
aspherical surface provided on at least 2 surfaces from the 
first surface to the third surface, the spherical aberration 
and the coma can be accurately corrected. In this case, it 
is preferable that 2 surfaces of at least the first surface 
and the third surface are aspherical surfaces. Further, when 
the second surface is also aspherical surface, because the 
aberration generated due to the dislocation of the optical 
axis of the first lens and the second lens can be suppressed 
to small, it is more preferable. 

(4-9) In the light converging optical system described in 
(4-9), because the optical element on which the diffractive 
structure is provided is formed of the plastic material, the 
diffractive structure can be easily added, and further, it 
can be produced in the mass production at low cost by the 
injection molding method using the metallic die. 

(4-10) Because the light converging optical system 
described in (4-10) can suppresses the inert ial force at the 
movement to small, when the lens group which can be moved 
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along the optical axis direction in the lens groups 
constituting the coupling lens is formed of the material 
whose specific gravity is not larger than 2.0, thereby, the 
more quick movement is possible, it is preferable. Further, 
because it is enough that the drive current of the actuator 
as the drive apparatus to move the lens group which can be 
moved, is small, the smaller sized actuator can be used. 

(4-11) In the light converging optical system described in 
(4-11) , in the case where the light amount of n-th (n is an 
integer other than 0, ±1) order diffracted light generated 
in the diffractive structure is larger than the light amount 
of any other order diffracted light, and the light converging 
optical system can converge the n-th order diffracted light 
generated in the diffractive structure to record and/or 
reproduce the information to the optical information 
recording medium onto the information recording surface of 
the optical information recording medium, when the 
diffractive structure is formed of a plurality of ring-shaped 
zones, because the ring-shaped zone interval can be formed 
largely, the production becomes easy, and it is preferable. 

(4-12) In the light converging optical system described in 
(4-12) , in the case where at least one lens group 
constituting the coupling lens is moved along the optical 
axis direction, when the variation of the spherical 
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aberration generated on each optical surface of the light 
converging optical system due to the variation of the 
oscillation wavelength of the light source is corrected, 
because the fine spot can be formed on the information 
recording surface of the optical information recording 
medium, the selection of the light source becomes 
unnecessary, which is preferable. 

(4-13) In the light converging optical system described in 
(4-13) , the objective lens includes at least one lens formed 
of the plastic material, and in the case where at least one 
lens group constituting the coupling lens is moved along the 
optical axis, when the variation of the spherical aberration 
generated on each optical surface of the light converging 
optical system due to the temperature and humidity change is 
corrected, even when it is a plastic lens which is apt to 
generate the lowering of the image formation performance due 
to the temperature change or the humidity change, because it 
can be used as the objective lens with high numerical 
aperture, the great cost reduction of the optical pick-up 
apparatus can be attained. 

(4-14) In the light converging optical system described in 
(4-14) , in the case where at least one lens group 
constituting the coupling lens is moved along the optical 
axis, when the variation of the spherical aberration 
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generated due to the variation of the thickness of the 
transparent substrate of the information recording medium is 
corrected, because the tolerance production error of the 
optical information recording medium can be increased, the 
productivity can be enhanced. 

(4-15) The light converging optical system described in (4- 
15) is characterized in that: when at least one lens group 
constituting the coupling lens is moved along the optical 
axis, the variation of the spherical aberration generated on 
each optical surface of the light converging optical system 
due to at least more than 2 combinations of the variation of 
the oscillation wavelength of the light source, or the 
temperature humidity change, or the variation of the 
thickness of the transparent substrate of the information 
recording medium, is corrected. 

Because the light converging optical system according 
to the present invention can corrects the variation of the 
spherical aberration, as described in (4-13), generated, due 
to the combination of the temperature humidity change, or the 
error of the thickness of the transparent substrate of the 
optical information recording medium, or the fluctuation from 
the reference wavelength of the oscillation wavelength of the 
light source, the light converging optical system in wh.ich 
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the light converging characteristic is always fine, can be 
obtained . 

(4-16) The light converging optical system described in (4- 
16) is characterized in that: the optical information 
recording medium has the structure in which a plurality of 
transparent substrates and information recording layers are 
alternately laminated in order from the surface side, and 
when the objective lens is moved along the optical axis, the 
focusing is conducted for recording and/or reproducing the 
information onto each information recording surface, and when 
at least one lens group constituting the coupling lens is 
moved along the optical axis direction, the variation of the 
spherical aberration generated due to the difference of the 
thickness of the transparent substrate in each information 
recording layer is corrected. 

The light converging optical system described in (4-16) 
relates to a light converging optical system for the optical 
pick-up apparatus by which the recording and/or reproducing 
of the information can be conducted onto the optical 
information recording medium having the structure in which a 
plurality of transparent substrates and information recording 
layers are alternately laminated in order from the surface 
side of the optical information recording medium. According 
to such the light converging optical system, when the optical 
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element which can be moved, of the coupling lens is moved 
along the optical axis, the spherical aberration due to the 
difference of the thickness of the transparent substrate from 
the surface to the information recording layer can be 
corrected, and further, when the objective lens is moved to 
the optical axis direction, because the focusing can be 
conducted on the desired information recording layer, the 
fine wave front can be formed on each information recording 
surface. Accordingly, 2 times or more capacity of 
information can be recorded and/or reproduced onto the single 
side surface of the optical information recording medium. 

(4-17) The optical pick-up apparatus described in (4-17) 
comprises: a light source; a light converging optical system 
including a coupling lens of 2 group composition which 
changes the divergent angle of the divergent light emitted 
from the light source, and an objective lens which converges 
the light flux passed through the coupling lens onto th.e 
information recording surface through the transparent 
substrate of the optical information recording medium; a 
detector for detecting the reflected light form the 
information recording surface; the first drive apparatus to 
move the objective lens in the optical axis direction and the 
direction perpendicular to the optical axis in order to 
converge the light flux onto the information recording 
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surface; and the second drive apparatus to move at least one 
optical element of the coupling lens in the optical axis 
direction, and the optical pick-up apparatus conducts the 
recording and/or reproducing of the information onto the 
information recording surface of the optical information 
recording medium, wherein the ring-shaped diffractive 
structure is formed on at least one optical surface of the 
optical element constituting the light converging optical 
system, and when the second drive apparatus moves at least 
one lens group constituting the coupling lens along the 
optical axis direction, the variation of the spherical 
aberration generated on each optical surface of the light 
converging optical system is corrected. 

The optical pick-up apparatus described in (4-17) 
relates to an optical pick-up apparatus to conduct the 
recording and/or reproducing onto the next generation optical 
information recording medium having the higher density and 
the larger capacity than the DVD. When, on at least one 
optical surface of the optical element constituting the light 
converging optical system of such the optical pick-up 
apparatus, the diffractive structure having the wavelength 
characteristic in which the back focus of the objective lens 
is reduced when the wavelength of the light source is 
minutely changed to the long wavelength side, is provided. 
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the axial chromatic aberration generated in the objective 
lens which is a problem when the short wavelength light 
source such as the blue violet semiconductor laser is used, 
is effectively corrected, and further, when at least one of 2 
lens groups constituting the coupling lens can be moved along 
the optical axis direction, the variation of the spherical 
aberration generated on each optical surface in the light 
converging optical system can be finely corrected. The 
second drive apparatus moves at least one of 2 lens groups 
constituting the coupling lens along the optical axis, and in 
this case, the optical element is moved so that the spherical 
aberration generated in the light converging optical system 
is optimally corrected while monitoring the signal in the 
sensor detecting the light converging condition of the light 
flux converged onto the information recording surface. As 
this second drive apparatus, a voice coil type actuator- or 
piezoelectric actuator can be used. Further, the optical 
pick-up apparatus described in (4-17) also has the same 
operation mode and effect as the invention described in (4- 
1) . 

(4-18) The optical pick-up apparatus described in (4-18) 
emits the light of the wavelength not larger than 600 rxm, and 
because the axial chromatic aberration generated by the 
refractive action of each refractive surface in the light 
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converging optical system and the axial chromatic aberration 
generated by the diffractive structure are cancelled, it has 
the same operation mode and effect as the invention described 
in (4-2) . 

(4-19) In the optical pick-up apparatus described in (4-19) , 
because the coupling lens, the optical element on which the 
diffractive structure is provided, and the axial chromatic 
aberration of the composite system composed of the objective 
lens, satisfy the next expression, it has the same operation 
mode and effect as the invention described in (4-3) . 
|AfB • NA^I ^ 0.25 \lm (71) 
Where, NA: the image side numerical aperture of a 
predetermined objective lens necessary for conducting the 
recording and/or reproducing on the optical information 
recording medium, AfB : the change {\lva) of the focus 
position of the composite system when the wavelength of the 
light source is changed by + 1 nm. 

(4-20) In the optical pick-up apparatus described in (4-20) , 
because the image side numerical aperture of a predetermined 
objective lens necessary for conducting the recording and/or 
reproducing on the optical information recording medium, is 
not smaller than 0.65, and the thickness of the transparent 
substrate of the optical information recording medium is not 
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larger than 0.6 mm, it has the same operation mode and effect 
as the invention described in (4-4) . 

(4-21) In the optical pick-up apparatus described in (4-21) , 
because the lens group which can be moved along the optical 
axis in the lens groups constituting the coupling lens, has 
the positive refracting power, and satisfies the next 
expression, it has the same operation mode and effect as the 
invention described in (4-5) . 

4 ^ fcp/foBj ^ 17 (72) 

Where, fcp: the focal distance (mm) of the lens group 
having the positive refracting power, which can be moved 
along the optical axis, foej: the focal distance (mm) of the 
objective lens. 

(4-22) In the optical pick-up apparatus described in (4- 
22) , because the lens group which can be moved along the 
optical axis in the lens groups constituting the coupling 
lens, has the negative refracting power, and satisfies the 
next expression, it has the same operation mode and effect as 
the invention described in (4-6) . 

-2 0 ^ fcN/foBj ^ -3 (73) 
Where, fcs: the focal distance (mm) of the lens gr-oup 
having the negative refracting power, which can be moved 
along the optical axis, foBj: the focal distance (mm) of the 
objective lens. 
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(4-23) In the optical pick-up apparatus described in (4- 

23) , because the objective lens is the 1 group 1 lens 
composition, and at least one surface is an aspherical 
surface, it has the same operation mode and effect as the 
invention described in (4-7) . 

(4-24) In the optical pick-up apparatus described in (4- 

24) , because the objective lens is the 2 group 2 lens 
composition, and at least two surfaces from the first surface 
to the third surface are aspherical surfaces, it has the same 
operation mode and effect as the invention described in (4- 
8) . 

(4-25) In the optical pick-up apparatus described in (4- 

25) , because the optical element on which the diff ractive 
structure is provided, is formed of the plastic material, it 
has the same operation mode and effect as the invention 
described in (4-9) . 

(4-26) In the optical pick-up apparatus described in (4-26) , 
because the lens group which can be moved along the optical 
axis direction in the lens groups constituting the coupling 
lens is formed of the material whose specific gravity is not 
larger than 2.0, it has the same operation mode and effect as 
the invention described in (4-10) . 

(4-27) In the optical pick-up apparatus described in (4- 
27) , because the light amount of the n-th (n is an integer 
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other than 0, ± 1) order diffracted light is larger than the 
light amount of any other order diffracted light, and the 
light converging optical system can converge the n-th order 
diffracted light generated in the diffractive structure onto 
the information recording surface of the optical information 
recording medium in order to record and/or reproduce the 
information onto the optical information recording medium, it 
has the same operation mode and effect as the invention 
described in (4-11) . 

(4-28) In the optical pick-up apparatus described in (4-28) , 
because, when at least one lens group constituting the 
coupling lens is moved along the optical axis direction, the 
variation of the spherical aberration generated on each 
optical surface of the light converging optical system due to 
the variation of the oscillation wavelength of the light 
source is corrected, it has the same operation mode and 
effect as the invention described in (4-12) . 

(4-29) In the optical pick-up apparatus described in (4-29) , 
because the objective lens includes the lens formed of at 
least one piece of the plastic material, and when at least 
one lens group constituting the coupling lens is moved along 
the optical axis direction, the variation of the spherical 
aberration generated on each optical surface of the light 
converging optical system due to the change of the 
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temperature and humidity, is corrected, it has the same 
operation mode and effect as the invention described in (4- 
13) . 

(4-30) In the optical pick-up apparatus described in (4-30) , 
because, when at least one lens group constituting the 
coupling lens is moved along the optical axis direction, the 
variation of the spherical aberration generated due to the 
variation of the thickness of the transparent substrate of 
the information recording medium, is corrected, it has the 
same operation mode and effect as the invention described in 
(4-14) . 

(4-31) In the optical pick-up apparatus described in (4- 

31) , because, when at least one lens group constituting- the 
coupling lens is moved along the optical axis direction, the 
variation of the spherical aberration generated on each, 
optical surface of the light converging optical system due to 
at least more than 2 combinations in the variation of the 
oscillation wavelength of the light source, or temperature 
humidity change, or the variation of the thickness of the 
transparent substrate of the information recording medium, is 
corrected, it has the same operation mode and effect as the 
invention described in (4-15) . 

(4-32) In the optical pick-up apparatus described in (4- 

32) , because the optical information recording medium has the 
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structure in which a plurality of transparent substrates and 
information recording layers are alternately laminated in 
order from the surface side, and when the objective lens is 
moved along the optical axis direction, the focusing is 
conducted for recording and/or reproducing of the information 
onto each information recording surface, and when at least 
one lens group constituting the coupling lens is moved along 
the optical axis direction, the variation of the spherical 
aberration generated due to the difference of the thickness 
of the transparent substrate in each information recording 
layer, is corrected, it has the same operation mode and 
effect as the invention described in (4-16) . 

(4-33) The reproducing apparatus described in (4-33) is a 
recording apparatus for a voice and/or image, and/or a 
reproducing apparatus for a voice and/or image, in which an 
optical pick-up apparatus described in any one of (4-17) to 
(4-32) is mounted. 

According to the reproducing apparatus described in (4-33), 
when the optical pick-up apparatus is mounted in the 
recording apparatus • reproducing apparatus for the voice • 
image, the recording or the reproducing of the voice • image 
can be finely conducted onto the information recording medium 
of the next generation which is larger in the density and 
larger in the capacity than the DVD. 
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The diffractive structure used in the present 
specification means a mode (or surface) in which a relief is 
provided on the surface of the optical element, for example, 
on the surface of the lens, and an action to change an angle 
of the light beams by the diffraction is provided thereon. 
As the shape of the relief, for example, on the surface of 
the optical element, it is formed as almost the concentric 
ring-shaped zones around the optical axis, and when its cross 
section is viewed on the plane including the optical axis, it 
includes each ring-shaped zone which has the shape like a 
saw-tooth. 

In the present specification, the objective lens 
indicates, in the narrow meaning, in the situation in which 
the optical information recording medium is loaded in the 
optical pick-up apparatus, at the position of the most 
optical information recording medium side, a lens having the 
light converging action arranged opposed to it, and 
indicates, in the wide meaning, together with the lens, lens 
groups which can be moved at least in its optical axis 
direction by the actuator. Accordingly, in the present 
specification, the numerical aperture NA on the optical 
information recording medium side of the objective lens 
indicates the numerical aperture NA of the light flux emitted 
from the lens surface positioned on the most optical 
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information recording medium side of the objective lens onto 
the optical information recording medium side. Further, in 
the present specification^ a predetermined numerical aperture 
necessary when the information is recorded or reproduced onto 
the optical information recording medium indicates the 
numerical aperture regulated by the regulation of respective 
optical information recording media, or the numerical 
aperture of the objective lens of the diffraction limit 
performance by which the spot diameter necessary for 
recording or reproducing of the information can be obtained, 
corresponding to the wavelength of the using light source. 

In the present specification, as the optical 
information recording medium (optical disk) , for example, a 
disk-like present optical information recording medium such 
as each kind of CDs such as CD-R, CD-RW, CD-Video, CD-ROM, 
each kind of DVD such as DVD-ROM, DVD-RAM, DVD-R, DVD-RW, 
DVD+RW, DVD-Video, or MD, and the next generation recording 
medium are included. The transparent substrates exist on the 
information recording surfaces of many optical information 
recording media. However, the medium whose transparent 
substrate thickness is close to almost zero, or the med.iura 
having no transparent substrate, exists or is proposed. For 
the convenience of explanation, in the present specification, 
although there is a case where "through the transparent 
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substrate" is described, such the transparent substrate also 
includes a case where the thickness is zero, that is, there 
is no transparent substrate. 

In the present specification, the recording and 
reproducing of the information means to record the 
information onto the information recording surface of the 
optical information recording medium as described above, and 
to reproduce the information recorded on the information 
recording surface. The optical pick-up apparatus of the 
present invention may be one used for only recording or 
reproducing, or one used for both of recording and 
reproducing. Further, it may be one used to conduct the 
recording onto a certain information recording medium, and to 
conduct the reproducing on another information recording 
medium, or may be one used to conduct the recording or 
reproducing on a certain information recording medium, and to 
conduct the recording or reproducing on another information 
recording medium. In this connection, the reproduction used 
herein, also includes only reading out the information. 

(5-1) In order to attain the above objects, the coupling 
lens according to the present invention is a coupling lens to 
change the divergent angle of the divergent light beam 
emitted from the light source and to make it incident on the 
objective lens, wherein at least one surface of the coupling 
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lens has the diffractive surface having the ring-shaped 
diffractive structure, and the axial chromatic aberration is 
overly corrected so that the focal distance is increased to 
the wavelength shorter by 10 nm than the reference wavelength 
of the light source, and the coupling lens satisfies the next 
expression . 

0.05 ^ NA ^ 0.50 (74) 

Where, NA: the numerical aperture of the coupling lens. 

In this connection, the numerical aperture NAcol of the 
coupling lens can be defined as NAcol = sin 0, when the 
maximum inclination angle is 6, and has the following 
relationship with the image side numerical aperture NAqbj of 
the objective lens. 

NAcol = NAqbj x (fl/f2) 

Where, fl: the focal distance (mm) of the objective 
lens, f 2 : the focal distance (mm) of the coupling 
lens . 

According to this coupling lens, when the coupling lens 
to change the divergent angle of the divergent light fr-om the 
light source at the time of the recording and/or reproducing 
onto the optical information recording medium, and to make it 
incident on the objective lens, is formed to diffractive lens 
in which the axial chromatic aberration is overly corrected 
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by the diffracting action, of the ring-shaped diffractive 
structure provided on at least one surface at the wavelength 
variation of about 10 nm, a coupling lens by which the axial 
chromatic aberration generated on other optical element such 
as the objective lens, can be cancelled with it, and 
corrected thereby, can be obtained. Because the divergent 
degree of the emitted light from the light source, which is 
incident on the coupling lens, is small, generally, it is 
sufficient when the refracting power the coupling lens is 
smaller than that of the objective lens, and because the 
requirement accuracy at the production is not so severe as 
the objective lens, and the restriction such as the working 
distance is few, there is a margin in the aberration 
correction. When the axial chromatic aberration is corrected 
by the coupling lens, even the objective lens in which the 
axial chromatic aberration is not severely corrected, when it 
is used together with this coupling lens, it can be used as 
the objective lens of the light converging optical system for 
the high density optical information recording reproduction 
in which the influence onto the image formation performance 
by the wavelength variation appears conspicuously. In this 
case, it is preferable that the numerical aperture of the 
coupling lens satisfies the expression (74) . In the 
expression (74) , when it is higher than the lower limit. 
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because the focal distance does not become too large, the 
whole length of the composite system when it is combined with 
the objective lens does not become too large, thereby, the 
compact light converging optical system can be made. 
Further, when it is smaller than the upper limit, because the 
numerical aperture of the coupling lens does not become too 
larger, the aberration generated in the coupling lens can be 
suppressed to small. 

(5-2) It is preferable that, in the coup ling lens 
described above, the next expression is satisfied. 
0.3 < Pd/Ptotal < 3.0 (75) 
where PD : a power (mm~^) of only a diffractive 

structure defined by = 2]^{-2 • ni ■ b^J when the diffractive 

surfaces are called the first diffractive surface, the second 
diffractive surface . . . the n-th diffractive surface in the 
order from the light source, and an optical path difference 
provided to a transmitting wave surface by a diffractive 
structure formed on the i-th surface is expressed by an. 
optical path difference function defined by Ob = ni • (baih^ + 
b4ih- + beih® + . . . ) (herein, ni is a diffraction order number 
of a diffracted light ray having the maximum light amou.nt 
among diffracted light rays generated by the diffractive 
structure formed at the i-th diffractive surface, h is a 



211 



4803 



height (mm) from the optical axis) , bai, b4i, hgi, . . . , are 
respectively coefficients of optical path difference function 
of second order, fourth order, sixth order, . . . , ) , and 

PT : a power (mm""^) of the whole system of the 
objective lens in which the refractive lens and the 
diffractive structure are combined. 

As described above, when the diffractive structure of 
the coupling lens is determined so that the power by only the 
diffractive structure satisfies the expression (75) , by the 
axial chromatic aberration generated in the coupling lens, 
the axial chromatic aberration generated on the other optical 
element such as the objective lens can be finely cancelled 
and corrected. In the case larger than the lower limit of the 
expression (75) , the axial chromatic aberration of the wave 
front when the spot is formed on the information recording 
surface of the optical information recording medium through 
the coupling lens and the objective lens, does not become too 
correction under, and in the case lower than the upper limit, 
the axial chromatic aberration of the wave front when the 
spot is formed on the information recording surface of the 
optical information recording medium through the coupling 
lens and the objective lens, does not become too correction 
over . 
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(5-3) Further, it is preferable that, when the reference 
wavelength is X (mm) , the focal distance in the reference 
wavelength is f (mm) , the number of order of the diffracted 
light having the maximum diffracted light amount in the 
diffracted light generated in the diffractive structure 
formed on the i-th diffractive surface is ni, the number of 
the ring-shaped zones of the diffractive structure in the 
effective diameter of the i-th diffractive surface is Mi, and 
the minimum value of the ring-shaped zone intervals of the 
diffractive structure in the effective diameter of the i-th 
diffractive surface is Pi (mm) , the following expression is 
satisfied . 

0.1 ^ f ■ X ■ X (ni/(Mi • Pi^) ) ^ 3.0 (76) 
When the diffractive structure of the coupling lens is 
structured so that the conditional expression (76) is 
satisfied, by the axial chromatic aberration generated in the 
coupling lens, the axial chromatic aberration generated in 
the other optical element such as the objective lens is 
finely cancelled and corrected. In the case larger than the 
lower limit of the expression (76) , the axial chromatic 
aberration of the wave front when the spot is formed on. the 
information recording surface of the optical information 
recording medium through the coupling lens and the objective 
lens, does not become too correction under, and in the case 
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lower than the upper limit, the axial chromatic aberration of 
the wave front when the spot is formed on the information 
recording surface of the optical information recording medium 
through the coupling lens and the objective lens, does not 
become too correction over. 

(5-4) Further, when the reference wavelength is X (mm) , the 
minute change of the wavelength from the reference wavelength 
is AA, (mm) , the focal distance in the reference wavelength id 
f (mm) , and the change of the focal distance when the 
wavelength of the light source is changed by AX (mm) from the 
reference wavelength is Af (mm) , it is preferable that the 
following expression is satisfied. 

- 0.12 ^ (Af /f) - NA • a/AX) • X ^ - 0.01 (77) 
As described above, it is preferable that the change 
amount of the focal distance of the coupling lens to the 
minute wavelength variation of about 10 nm satisfies the 
expression (77). In the expression (77), in the case larger 
than the lower limit, the axial chromatic aberration o£ the 
wave front when the spot is formed on the information 
recording surface of the optical information recording medium 
through the coupling lens and the objective lens, does not 
become too correction over, and in the case lower than the 
upper limit, the axial chromatic aberration of the wave front 
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when the spot is formed on the information recording surface 
of the optical information recording medium through the 
coupling lens and the objective lens, does not become too 
correction under. 

(5-5) Further, in the case where the more than 2 surfaces 
of the coupling lens are formed to the diffractive surfaces 
having the ring-shaped diffractive structure, when the 
diffracting power is shared on more than 2 surfaces, because 
the interval of the ring-shaped diffractive zones can be 
increased, the coupling lens which can be easily produced, 
and in which the diffraction efficiency is good in spite of 
that, can be formed. 

(5-6) Further, at least one surface is formed to the 
aspherical surface, and it is preferable that the next 
expression is satisfied. 

0 . 10 ^ NA ^ 0 . 50 (78) 

As described above, when the numerical aperture of the 
coupling lens is not smaller than 0.10, it is preferable that 
at least one surface is the aspherical surface. Thereby, the 
aberration generated in the coupling lens can be finely 
corrected. 

When the coupling lens described above is formed of the 
plastic material, the diffractive structure or the aspherical 
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surface can be easily added, and the mass production is 
possible at low cost. 

(5-7) As the production method, the injection molding method 
using the metallic die is preferable. When the coupling lens 
is formed of the plastic material, it is preferable that it 
is formed of the material whose internal transmissivity is 
not lower than 85 % at the thickness of 3 mm in the using 
wavelength range, and it is preferable that it is formed of 
the material in which the saturated water absorption is not 
larger than 0.5 %. In this connection, as the plastic 
material, polyolefin series resin is preferable, and 
polyolefin series norbornene resin is more preferable. 

(5-8) Further, the light converging optical system is a 
light converging optical system for recording and/or 
reproducing of the optical information recording medium, 
which includes: a light source which emits the light of the 
wavelength not larger than 600 nm; a coupling lens to change 
the divergent angle of the divergent light emitted from the 
light source; and an objective lens to converge the light 
flux through the coupling lens onto the information recording 
surface of the optical information recording medium, wherein 
the coupling lens is the coupling lens described above, and 
the axial chromatic aberration generated in the objective 
lens due to the wavelength change when the light source 
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generates the wavelength change not larger than ± 10 nm, and 
the axial chromatic aberration generated in the diffractive 
structure of the coupling lens are cancelled. 

By this light converging optical system, when the light 
source to emit the oscillation wavelength not larger than 600 
nra is used, the recording of the information in higher 
density than the conventional optical information recording 
medium and/or reproducing the information recorded in the 
higher density can be conducted onto the optical information 
recording medium, however, as described above, the axial 
chromatic aberration generated in the light converging 
optical system, specially, in the objective lens, is a 
problem, and when the chromatic aberration with the reversal 
polarity to the axial chromatic aberration generated in the 
objective lens is generated by the diffractive structure 
provided on the coupling lens is generated, the wave front 
when the spot is formed on the information recording surface 
of the optical information recording medium through the light 
converging optical system, is in a situation that the axial 
chromatic aberration is cancelled, and as the whole light 
converging optical system, in the range of the wavelength 
variation of the light source, it can be a system in which 
axial chromatic aberration is finely corrected. 
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Further, when the objective lens whose numerical 
aperture is not smaller than 0.7, and which is formed of the 
optical material whose Abbe's number is not larger than 65 is 
used for the optical pick-up apparatus which uses the short 
wavelength light source not larger than 600 nm, the axial 
chromatic aberration is comparatively largely generated in 
the objective lens, and thereby, there is a possibility that 
the stable recording and/or reproducing of the information 
can not be conducted. However, as described above, because 
the axial chromatic aberration of the reversal polarity to 
the axial chromatic aberration generated in the objective 
lens is generated in the coupling lens, even the objective 
lens in which the axial chromatic aberration is not severely 
corrected, when it is used in combination with the coupling 
lens according to the present invention, it can be applied 
for the optical pick-up apparatus which uses the short 
wavelength light source not larger than 600 nm. 

(5-9) Further, the composite system in which the objective 
lens and the coupling lens are combined, has the axial 
chromatic aberration characteristic which is changed to the 
direction to which the back focus is decreased when the 
wavelength of the light source shifts on the long wavelength 
side, and when the changed amount of the spherical abeirration 
of the marginal light ray to the change of the wavelength is 
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ASA, and the changed amount of the axial chromatic aberration 
is ACA, it is preferable that the next expression is 
satisfied. 

-1 < ACA < ASA < 0 (79) 

As described above, when the composite system in which 
the objective lens and the coupling lens are combined, has 
the axial chromatic aberration characteristic which is 
changed to the direction to which the back focus is decreased 
when the wavelength of the light source shifts on the long 
wavelength side, and satisfies the expression {19) , it is 
preferable that, by the action of the diffractive structure 
of the coupling lens, when the axial chromatic aberration of 
the composite system is overly corrected, the spherical 
aberration curve of the reference wavelength and the 
spherical aberration curve on the long • short wavelength 
side are crossed. Thereby, the movement of the optimum 
writing position when the wavelength of the light source is 
shifted, can be suppressed to small, and a composite system 
in which the mode hop phenomenon of the light source or: the 
deterioration of the wave front aberration at the time of the 
high frequency superimposit ion is small, can be realized. 

Further, rather than the case where, by the action of 
the diffraction of the coupling lens, the spherical 
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aberration curve on the long • short wavelength side is 
corrected so that it is in parallel to the spherical 
aberration curve of the reference wavelength, and the axial 
chromatic aberration of the composite system is perfectly 
corrected, as described above, the case where the spherical 
aberration curve on the long • short wavelength side is not 
corrected and when the axial chromatic aberration of the 
composite system is overly corrected, the spherical 
aberration curve of the reference wavelength and the 
spherical aberration curve on the long • short wavelength 
side are crossed, is better because it is enough that the 
power of the diffraction necessary for aberration correction 
is small, therefore, the interval of the ring-shaped 
diffractive zones can be increased and the number of ring- 
shaped zones can be reduced, and thereby, the reduction of 
the time of the molding die processing and the increase of 
the diffraction efficiency can be attained. Although the 
laser light source has the individual difference of about ± 
10 nm in the oscillation wavelength, as described above, in 
the case where the laser light source in which the 
oscillation wavelength is shifted is used as the light source 
of the composite system in which the spherical aberration is 
corrected so that the spherical aberration curve of the 
reference wavelength and the spherical aberration curve on 
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the long • short wavelength side are crossed, when the 
coupling lens is moved along the optical axis direction and 
the divergent degree of the light flux incident on the 
objective lens is changed, because the spherical aberration 
in its wavelength can be corrected, in the optical pick-up 
apparatus in which this composite system is installed, the 
selection of the laser light source is not necessary. 

(5-10) Further, when the change of the focal position of 
the composite system of the coupling lens and the objective 
lens when the wave length of the light source is changed by + 
10 nm, is AfB (|Llm) , and a predetermined image side numerical 
aperture of the objective lens necessary for recording or 
reproducing the optical information recording medium is the 
NAoBj, it is preferable that the axial chromatic aberration of 
the composite system satisfies the next expression. 
|Af B • (NAoBj) ^ I ^ 2 . 5 ^im (80) 

As described above, it is preferable that the axial 
chromatic aberration of the light converging optical system, 
that is, the axial chromatic aberration of the composite 
system of the coupling lens and the objective lens satisfies 
the expression (80) . 

(5-11) Further, the optical pick-up apparatus according to 
the present invention has: a light source; a coupling Lens to 
change the divergent angle of the divergent light emitted 
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from the light source; and a light converging optical system 
including an objective lens to converge the light flux 
through the coupling lens onto the information recording 
surface of the optical information recording medium, wherein 
it is the optical pick-up apparatus which, by detecting the 
reflected light from the information recording surface, 
conducts the recording and/or reproducing of the information 
onto the optical information recording medium, and the light 
converging optical system is the above -described light 
converging optical system. 

The optical pick-up apparatus relates to an optical 
pick-up apparatus for conducting the recording and/or 
reproducing onto the next generation optical information 
recording medium with the larger density and larger capacity 
than the DVD. When the light converging optical system in 
which the axial chromatic aberration as described above is 
finely corrected, is installed, even when the light source by 
which the oscillation wavelength not larger than 6 00 nm is 
emitted, is used, the recording or reproducing of the stable 
information can be conducted. 

Further, when the optical pick-up apparatus is 
installed, the recording apparatus • reproducing apparatus of 
the voice • image according to the present invention can 
finely conduct the recording or reproducing of the voice ■ 
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image onto the next generation optical information recording 
medium with the high density and the higher capacity than the 
DVD. 

Further, in order to solve the problem of the 
conventional technology in the diffractive optical element 
used for the optical pick-up apparatus, the present inventor 
proposes the shape in which the single side optical surface 
of a certain optical element is formed as a plane, and the 
other optical surface is formed as a spherical/or an 
aspherical surface, and further, a ring-shaped diffractive 
structure is formed on the optical surface which is a plane. 

That is, because the diffractive structure is added 
onto the plane side of the optical element, the electronic 
beam drawing method can be comparatively easily used for the 
formation of the diffractive structure. Further, by the 
molding method using the molding die, when this optical 
element is produced, because the optical surface of the 
molding die corresponding to the plane side is naturally 
plan-like, the electronic beam drawing method can be 
comparatively easily used also for the formation of the 
diffractive structure of the molding die. 

(5-12) Further, in the above-described optical element, 
when the using wavelength is X (mm) , and the minimum value of 
the ring-shaped zone interval in the effective diameter: of 
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the dif fractive structure formed on the plane is P (mm) , the 
next expression (81) , preferably the next expression (82) is 
satisfied, and when the diffractive surface in which the 
period of the diffractive structure is small, is provided on 
the optical surface of the plane, the formation of the high 
accurate ring-shaped zone structure can be conducted by the 
electronic beam drawing method. 



(5-13) Further, when the other optical surface which is a 
spherical surface and/or an aspherical surface, is formed to 
the refractive surface, the diffracting action and the 
refractive action are appropriately combined, and the 
aberration correction can be accurately conducted. 

(5-14) Further, both surfaces may be formed to the 
diffractive surfaces when the ring-shaped diffractive 
structure is added onto the optical surface which is a 
spherical surface and/or an aspherical surface, and when both 
surfaces are diffractive surfaces, because the aberration 
correction function of the diffractive surface can have a 
margin, the optical element according to the present 
invention can be used as the high performance aberration 
correction element. 



P/A- < 30 



(81) 



P/?i < 20 



(82) 
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(5-15) further, in the case where the ring-shaped 
diffractive structure is added onto the optical surface which 
is a spherical surface and/or an aspherical surface, when the 
diffractive structure is structured so as to satisfy the next 
expression (83), the molding die processing by the SPDT 
(diamond super precision cutting technology) which is a 
production technology of the conventional diffractive 
structure, can be conducted. 

^/X > 20 (83) 

Further, the coupling lens can be structured by the 
above optical elements. 

(5-16) The coupling lens describe in one of (5-1) to (5-5) is 
characterized in that a stepped difference in an optical axis 
direction of each ring-shaped diffractive zone is deteirmined 
such that at least one diffractive surface among the 
diffractive surfaces generates n-th order diffracted ray in 
such a way the an amount of the n-th order diffracted ray is 
more that that of any other order diffracted rays generrated 
by the one diffractive zone, where n is an integer except 0 
and ±1. 

(5-17) The coupling lens describe in one of (5-1) to (5-6) is 
characterized in that at least one diffractive surface 
including a surface of the light source is made in a 
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diffractive surface having a ring-shaped diffractive 
structure . 

When an amount of step in the direction of an optical 
axis in the ring-shaped zone structure of at least one 
diffractive surface among the diffractive surfaces of the 
coupling lens is determined so that the high-order diffracted 
light at n^^ order may have the greatest amount of diffracted 
light under the assumption that n represents integers other 
than 0 and ±1 (hereinafter, the diffracted surface on which 
the ring-shaped zone structure has been determined as stated 
above is called "high-order diffracted surface"), it is 
possible to mitigate the minimum value of an interval of 
ring-shaped zones, compared with an occasion of using plus or 
minus 1^" order diffracted light. It is therefore possible to 
lower an influence of a decline of diffraction efficiency 
caused by errors in a shape of the ring-shaped zone 
structure. In this case, it is either possible to make all 
diffractive surfaces among those formed on the coupling lens 
to be high-order diffractive surfaces, or possible to make 
only diffractive surfaces wherein the minimum value of an 
interval of ring-shaped zones in the case of using plus or 
minus 1^^ order diffracted light becomes smaller in 
particular, to be high-order diffractive surfaces. Or, it is 
possible to arrange so that a value of the order numbeir for 
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diffraction that makes an amount of diffracted light to be 
greatest may be different for each diffractive surface. 

Incidentally, when amount of step A (mm) of a ring- 
shaped zone in the direction of an optical axis of a 
diffractive ring-shaped zone is determined so that an amount 
of n^'^ order diffracted light may be greater than that of 
diffracted light at any other order number under the 
assumption that n represents an integer, the following 
expression in terms of amount of step A holds when Xo 
represents a wavelength (mm) of light emitted from the light 
source, and N represents a refractive index of an objective 
lens for wavelength A-o. 

A ^ n • ?io/ (N - 1) 

Further, it is preferable, from an angle of vision of 
the following point, that at least one surface of the 
coupling lens including the surface closest to a light source 
is made to be a diffractive surface having thereon a 
diffractive structure in a shape of a ring-shaped zone. 
Namely, in the design of the coupling lens, it is necessary 
to consider so that marginal light incident upon the surface 
closest to a light source may not be perpendicular to that 
surface, for preventing that light reflected on the sur-face 
closest to a light source enters a light -receiving surface of 
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the photo detector and thereby the photo detector detects 
unnecessary signals. However, when the surface closest to a 
light source is made to be a diffractive surface having a 
diffractive ring-shaped zone structure wherein an amount of 
step in the direction of an optical axis is optimized so that 
intensity of n*"^ order diffracted light is greater than that 
of diffracted light at any other order number for the 
transmitted light under the assumption that n represents an 
integer, light reflected on the surface closest to a light 
source is a diffracted light that is diffracted by the 
diffractive structure, and one having the strongest intensity 
is m^^ order diffracted light under the assumption that m 
represents an integer different from n. Therefore, an angle 
of incidence of marginal light incident upon the surface 
closest to a light source is surely different, in terms of an 
absolute value, from an angle of reflection of marginal light 
of the m'^'^ order reflected and diffracted light. Therefore, 
the light reflected on the surface closest to a light source 
does not form a spot on the light-receiving surface of the 
photodetector even when marginal light in incident ligh.t is 
almost in vertical incidence. It is therefore possible to 
select freely an angle of incidence of the marginal lig-ht 
incident upon the surface closest to a light source. 
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resulting in a highly efficient coupling lens wherein 
spherical aberration and coma are corrected more accurately. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an optical path view relating to Example 1. 

Fig. 2 is a spherical aberration view and astigmatism 
view relating to Example 1. 

Fig. 3 is an optical path view relating to Example 2. 

Fig. 4 is a spherical aberration view and astigmatism 
view relating to Example 2. 

Fig. 5 is an optical path view relating to Example 3. 

Fig. 6 is a spherical aberration view and astigmatism 
view relating to Example 3. 

Fig. 7 is an optical path view relating to Example 4. 

Fig. 8 is a spherical aberration view and astigmatism 
view relating to Example 4. 

Fig. 9 is an optical path view relating to Example 5. 

Fig. 10 is a spherical aberration view and astigmatism 
view relating to Example 5. 

Fig. 11 is an optical path view relating to Example 6. 

Fig. 12 is a spherical aberration view and astigmatism 
view relating to Example 6. 

Fig. 13 is an optical path view relating to Example 7. 
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Fig. 


14 


is 


a spherical aberration view and astigmatism 


view relating 


to 


Example 7 . 


Fig . 


15 


is 


an optical path view relating to Example 8. 


Fig- 


16 


is 


a spherical aberration view and astigmatism 


view relating 


to 


Example 8. 


Fig. 


17 


is 


an optical path view relating to Example 9. 


Fig. 


18 


is 


a spherical aberration view and astigmatism 


view relating 


to 


Example 9. 


Fig. 


19 


is 


an optical path view relating to Example 10. 


Fig . 


20 


is 


a spherical aberration view and astigmatism 


view relating 


to 


Example 10. 


Fig . 


21 


is 


an optical path view relating to Example 11. 


Fig. 


22 


is 


a spherical aberration view and astigmatism 


view relating 


to 


Example 11. 


Fig. 


23 


is 


an optical path view relating to Example 12 . 


Fig. 


24 


is 


a spherical aberration view relating to 


Example 12 








Fig . 


25 


is 


an optical path view relating to Example 13 


Fig. 


26 


is 


a spherical aberration view relating to 


Example 13 








Fig. 


27 


is 


an optical path view relating to Example 14 


Fig . 


28 


is 


a spherical aberration view relating to 


Example 14 








Fig. 


29 


is 


an optical path view relating to Example 15 
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Fig. 3 0 is a spherical aberration view relating to 
Example 15. 

Fig. 31 is an optical path view relating to Example 16. 
Fig. 32 is a spherical aberration view relating to 
Example 16. 

Fig. 33 is an optical path view relating to Example 17. 
Fig. 34 is a spherical aberration view relating to 
Example 17 . 

Fig. 35 is an optical path view relating to Example 18. 
Fig. 36 is a spherical aberration view relating to 
Example 18. 

Fig. 37 is an optical path view relating to Example 19. 
Fig. 3 8 is a spherical aberration view relating to 
Example 19. 

Fig. 3 9 is an optical path view relating to Example 20. 
Fig. 4 0 is a spherical aberration view relating to 
Example 20. 

Fig. 41 is an optical path view relating to Example 21. 
Fig. 42 is a spherical aberration view relating to 
Example 21. 

Fig. 43 is an optical path view relating to Example 22. 
Fig. 44 is a spherical aberration view relating to 
Example 22 . 

Fig. 45 is an optical path view relating to Example 23. 
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Fig. 46 is a spherical aberration view relating to 
Example 23 . 

Fig. 47 is a view generally showing the optical pick-up 
apparatus according to the present embodiment. 

Fig. 48 is a view generally showing another example of 
the optical pick-up apparatus in Fig. 47. 

Figs. 49(a) to 49(c) are spherical aberration views of 
3 kinds of objective lenses to explain the expression (9) . 

Fig. 50 is an optical path view relating to Example 24. 

Fig. 51 is a spherical aberration view and astigmatism 
view relating to Example 24 . 

Fig. 52 is an optical path view relating to Example 25. 

Fig. 53 is a spherical aberration view and astigmatism 
view relating to Example 25. 

Fig. 54 is an optical path view relating to Example 26. 

Fig. 55 is a spherical aberration view and astigmatism 
view relating to Example 26. 

Fig. 56 is an optical path view relating to Example 27. 

Fig. 57 is a spherical aberration view and astigmatism 
view relating to Example 27. 

Fig. 58 is an optical path view relating to Example 28. 

Fig. 59 is a spherical aberration view and astigmatism 
view relating to Example 28. 

Fig. 60 is an optical path view relating to Example 29. 
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Fig. 61 is a spherical aberration view and astigmatism 
view relating to Example 29. 

Figs. 62(a) to 62(c) are spherical aberration views 
when the temperature rises from the reference temperature by 
+3 0 °Cr which are used for explaining an objective lens 
according to the embodiment 2-1. Fig. 62(a) is a case of the 
temperature aberration correction under at which the value of 
the expression (32) is 0.05, Fig. 62(b) is an objective lens 
according to the present embodiment when the value of the 
expression (32) is 0.10, and Fig. 62(c) is a case of the 
temperature aberration correction over at which the value of 
the expression (32) is 0.15. 

Fig. 63(a) is a spherical aberration view of the 
objective lens (a) of the chromatic aberration over 
correction type, and Fig. 63(b) is a spherical aberration 
view of the objective lens (b) of the chromatic aberration 
perfect correction type, according to the embodiment 2-2. 

Fig. 64 is a view for explaining the theoretical 
analysis of the reason where the minimum ring band interval 
of the objective lens of the chromatic aberration over 
correction type is larger than that of the chromatic 
aberration perfect correction type, and a view showing the 
coordinate system in which the central position of the exit 
pupil is the origin, in the embodiment 2-2. 
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Fig. 65(a) is a view showing a spherical aberration 
curve before and after the correction in the case where the 
chromatic aberration when the wavelength is shifted from the 
reference wavelength to the short wavelength side by the 
diffraction action, is corrected so that it becomes the 
chromatic aberration over correction type, and Fig. 65(b) is 
a view showing the spherical aberration curve before and 
after the correction in the case where the chromatic 
aberration when the wavelength is shifted from the reference 
wavelength to the short wavelength side, is corrected so that 
it becomes the chromatic aberration perfect correction type, 
for the explanation of the embodiment 2-2. 

Fig. 66 is, for the explanation of the embodiment 2-2, 
a view showing the optical path difference function in the 
case of the chromatic aberration over correction type, and 
the optical path difference function in the case of the 
chromatic aberration perfect correction type, in which the 
horizontal axis is 0(h) (mm), and the vertical axis is h 
(mm) . 

Fig. 67 is a view showing an example of the refractive 
index distribution variable element as a spherical aberration 
correction means arranged in a light converging optical 
system according to the embodiment 2-3. 
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Fig. 6 8 is a view showing another example of the 
refractive index distribution variable element as the 
spherical aberration correction means arranged in the light 
converging optical system according to the embodiment 2-3. 

Fig. 69 is a view schematically showing an optical 
pick-up apparatus according to the embodiment 2-4. 

Fig. 70 is a view schematically showing another optical 
pick-up apparatus according to the embodiment 2-4. 

Fig. 71 is an optical path view relating to the 
embodiment 2-1. 

Fig. 72 is a spherical aberration view relating to the 
embodiment 2 - 1 . 

Fig. 73 is an optical path view relating to the 
embodiment 2 - 2 . 

Fig. 74 is a spherical aberration view relating to the 
embodiment 2 - 2 . 

Fig. 75 is an optical path view relating to the 
embodiment 2-3. 

Fig. 76 is a spherical aberration view relating to the 
embodiment 2 - 3 . 

Fig. 77 is an optical path view relating to the 
embodiment 2 - 4 . 

Fig. 78 is a spherical aberration view relating to the 
embodiment 2-4. 



Fig . 


79 


LS 


an optical path view relating to the 




embodiment 


2-5 








Fig. 


80 


LS 


a spherical aberration view relating to 


the 


embodiment 


2-5 








Fig . 


81 


IS 


an optical path view relating to the 




embodiment 


2-6 








Fig. 


82 


LS 


a spherical aberration view relating to 


the 


embodiment 


2-6 








Fig . 


83 


LS 


an optical path view relating to the 




embodiment 


2-7 








Fig. 


84 . 


LS 


a spherical aberration view relating to 


the 


embodiment 


2-7 








Fig . 


85 . 


LS 


an optical path view relating to the 




embodiment 


2-8 








Fig. 


86 . 


LS 


a spherical aberration view relating to 


the 


embodiment 


2-8 








Fig . 


87 : 


LS 


an optical path view relating to the 




embodiment 


2-9 








Fig. 


88 : 


LS 


a spherical aberration view relating to 


the 


embodiment 


2-9 








Fig. 


89 is 


an optical path view (NA 0.85) relating 


to 


the embodiment 


3 


-1. 




Fig . 


90 is 


an optical path view (NA 0.65) relating 


to 


the embodiment 


3 


-1 . 
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Fig. 91 is a spherical aberration view (NA 0.85) 
relating to the embodiment 3-1. 

Fig. 92 is a spherical aberration view (NA 0.65) 
relating to the embodiment 3-1. 

• Fig. 93 is an optical path view (NA 0.85) relating to 
the embodiment 3-2. 

Fig. 94 is an optical path view (NA 0.65) relating to 
the embodiment 3-2. 

Fig. 95 is a spherical aberration view (NA 0.85) 
relating to the embodiment 3-2. 

Fig. 96 is a spherical aberration view (NA 0.65) 
relating to the embodiment 3-2. 

Fig. 97 is an optical path view (NA 0.85) relating to 
the embodiment 3-3. 

Fig. 98 is an optical path view (NA 0.65) relating to 
the embodiment 3-3. 

Fig. 99 is a spherical aberration view (NA 0.85) 
relating to the embodiment 3-3. 

Fig. 100 is a spherical aberration view (NA 0.65) 
relating to the embodiment 3-3. 

Fig. 101 is an optical path view (NA 0.85) relating to 
the embodiment 3-4. 

Fig. 102 is an optical path view (NA 0.65) relating to 
the embodiment 3-4. 
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Fig. 103 is a spherical aberration view (NA 0.85) 
relating to the embodiment 3-4. 

Fig. 104 is a spherical aberration view (NA 0.65) 
relating to the embodiment 3-4. 

Fig. 105 is an optical path view (NA 0.85) relating to 
the embodiment 3-5. 

Fig. 106 is an optical path view (NA 0.65) relating to 
the embodiment 3-5. 

Fig. 107 is a spherical aberration view (NA 0.85) 
relating to the embodiment 3-5, 

Fig. 10 8 is a spherical aberration view (NA 0.65) 
relating to the embodiment 3-5. 

Fig. 109 is an optical path view (NA 0.85) relating to 
the embodiment 3-6. 

Fig. 110 is an optical path view (NA 0.65) relating to 
the embodiment 3-6. 

Fig. Ill is a spherical aberration view (NA 0.85) 
relating to the embodiment 3-6. 

Fig. 112 is a spherical aberration view (NA 0.65) 
relating to the embodiment 3-6. 

Fig. 113 is an optical path view (NA 0.85) relating to 
the embodiment 3-7. 

Fig. 114 is an optical path view (NA 0.65) relating to 
the embodiment 3-7. 
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Fig. 115 is a spherical aberration view (NA 0.85) 
relating to the embodiment 3-7. 

Fig. 116 is a spherical aberration view (NA 0.65) 
relating to the embodiment 3-7. 

Fig. 117 is an optical path view (NA 0.85) relating to 
the embodiment 3-8. 

Fig. 118 is an optical path view (NA 0.65) relating to 
the embodiment 3-8. 

Fig. 119 is a spherical aberration view (NA 0.85) 
relating to the embodiment 3-8. 

Fig. 120 is a spherical aberration view (NA 0.65) 
relating to the embodiment 3-8. 

Fig. 121 is an optical path view (NA 0.85) relating to 
the embodiment 3-9. 

Fig. 122 is an optical path view (NA 0.65) relating to 
the embodiment 3 - 9 . 

Fig. 123 is a spherical aberration view (NA 0.85) 
relating to the embodiment 3-9. 

Fig. 124 is a spherical aberration view (NA 0.65) 
relating to the embodiment 3-9. 

Fig. 125 is an optical path view (NA 0.85) relating to 
the embodiment 3-10. 

Fig. 126 is an optical path view (NA 0.65) relating to 
the embodiment 3-10. 
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Fig. 127 is an optical path view (NA 0.85) relating to 
the embodiment 3-10. 

Fig. 128 is an optical path view (NA 0.65) relating to 
the embodiment 3-10. 

Fig. 129 is a view schematically showing the optical 
pick-up apparatus according to the present embodiment. 

Fig. 13 0 is a view schematically showing the optical 
pick-up apparatus according to another present embodiment. 

Fig. 131 is a schematic structural view showing the 
optical pick-up apparatus according to the embodiment 4-1. 

Fig. 132 is a schematic sectional view of the light 
converging optical system of the example 4-1. 

Fig. 133 is a spherical aberration view of the light 
converging optical system of the example 4-1. 

Fig. 134 is a schematic sectional view of the light 
converging optical system of the example 4-2. 

Fig. 135 is a spherical aberration view of the light 
converging optical system of the example 4-2. 

Fig. 136 is a schematic structural view of the optical 
pick-up apparatus according to the embodiment 4-2. 

Fig. 137 is a schematic sectional view of the light 
converging optical system of the example 4-3. 

Fig. 13 8 is a spherical aberration view of the light 
converging optical system of the example 4-3. 



240 



4803 



Fig. 139 is a schematic sectional view of the light 
converging optical system of the example 4-4. 

Fig. 14 0 is a spherical aberration view of the light 
converging optical system of the example 4-4. 

Fig. 141 is a schematic sectional view of the light 
converging optical system of the example 4-5. 

Fig. 142 is a spherical aberration view of the light 
converging optical system of the example 4-5. 

Fig. 143 is a schematic sectional view of the light 
converging optical system of the example 4-6. 

Fig. 144 is a spherical aberration view of the light 
converging optical system of the example 4-7. 

Fig. 145 is a schematic structural view of the optical 
pick-up apparatus according to the embodiment 4-3. 

Fig. 146 is a schematic structural view of the optical 
pick-up apparatus according to the embodiment 4-4. 

Fig. 147 is a schematic view of the optical pick-up 
apparatus according to the embodiment 5-1. 

Fig. 148 is a schematic view of the optical pick-up 
apparatus according to the embodiment 5-2. 

Fig. 149 is an optical path view of the light 
converging optical system in the example 5-1. 

Fig. 150 is a spherical aberration view of the e>cample 
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Fig, 151 is an optical path view of the light 
converging optical system in the example 5-2. 

Fig. 152 is a spherical aberration view of the example 

5-2 . 

Fig. 153 is an optical path view of the light 
converging optical system in the example 5-3. 

Fig. 154 is a spherical aberration view of the example 

5-3 . 

Fig. 155 is an optical path view of the light 
converging optical system in the example 5-4. 

Fig. 156 is a spherical aberration view of the example 

5-4 . 

Fig. 157(a) is a sectional view of the optical element 
according to the embodiment 5-2 of the present invention, and 
Fig. 157(b) is a front view viewed from the direction A, and 
an enlarged view (c) of S2 surface. 

Fig. 158 is a view for explaining the effect of the 
optical element of Fig. 151, and a view showing the 
relationship between the period (P/A,) of the blaze structure 
and the theoretical value of the first order diffraction 
efficiency, in the cutting processing, when the bites In 
which the radius (Rb) of the tip portion is respectively 1.0 
^.m, 0.7 flm, and 0.5 |im, are used, and the blaze structure is 
formed on the substrate of the plate. 
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Fig. 159 is an optical path view of the light 
converging optical system in the example 5-5. 

Fig. 160 is a spherical aberration view of the example 

5-5. 

Fig. 161 is an optical path view of the light 
converging optical system in the example 5-6. 

Fig. 162 is a spherical aberration view of the example 

5-6 . 

Fig. 163 is an optical path view of the light 
converging optical system in the example 5-7. 

Fig. 164 is a spherical aberration view of the example 

5-7 . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

A lens of an embodiment and an example according to the 
present invention will be described below. The aspherical 
surface of the lens of the present embodiment is expressed by 
the following expression 1 when the optical axis direction 
is X axis, and the height in the direction perpendicular to 
the optical axis is h, and the radius of curvature of the 
refractive surface is r. Where, K is a conical coefficient, 
and A2i is an aspherical surface coefficient. 
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[Expression 1] 

\ + -^\-{\ + K)h^lr^ ^ " 

Further, the diffractive surface in the lens of the 
present embodiment can be expressed by the following 
expression 2 as the optical path difference function Ob. 
Herein, bsj is a coefficient of the optical path difference 
function and n is diffraction order of the diffracted ray 
having the maximum amount among diffracted rays generated at 
the diffractive surface. 

In the Examples described hereinafter, if the 
diffraction ordered number is not specified, the diffraction 
ordered number is 1. 
[Expression 2] 

Ob = n^ b2^^^ 
j=i 

Example 
(Example 1-5) 

Lens data relating to Examples 1, 2, 3, 4, and 5 are 
respectively shown in Tables 1, 2, 3, 4 and 5. In any one of 
examples, 2 aspherical plastic lenses are combined, and the 
objective lens of NA of 0.85 is obtained. For each of 
examples, the optical path view is shown in Fig. 1, Fig. 3, 
Fig. 5, Fig. 7, and Fig. 9, and the spherical aberration view 
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and the astigmatism view are respectively shown in Fig. 2, 
Fig. 4, Fig. 6, Fig. 8, and Fig. 10. Plastic material is 
poly olefin series resin, and its specific gravity is about 
1.0, and the saturated water absorption is not larger than 
0.01 %, and as the result, it can be lower than half of the 
weight of the objective lens which is composed by combining 2 
glass lenses, and although the NA is 0.85, which is large, 
its weight can be about 0 . 02 g (not including the lens 
frame) . As shown in each table, other values relating to the 
above conditional expression are as shown in Table 36. 
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[Table 1] 



Example 1 

NAqbj 0.85, fpBj = 1.765, X= 405 nm 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Diaphragm 




0 . 000 






1 (aspheric 
1) 


Objective 
lens 


1 . 870 


1 . 700 


1 . 52491 


56.5 


2 (aspheric 
2) 


21 . 104 


0 .600 






3 (aspheric 
3) 


0 . 916 


1 . 100 


1.52491 


56.5 


4 




0 . 150 






5 


Transparent 
substrate 




0 . 100 


1.61950 


30. 0 


6 











Aspherical surface coefficient 



Aspherical surface 1 Aspherical surface 

K=-0. 110336 K=105. 469400 

A4=-0 . 6 06 0 85x10"^ A4 = 0 . 7295 8 7x10'^ 

A6=-0 . 12 82 75x10'^ A6=-0 . 12 8975x10"^ 

A8=-0 . 5422 9 7x10"^ A8=0 .480216x10"^ 

Aio=-0 . 10052 7x10'^ Aio=- 0 . 210959x10"^ 

Ai2=-0 .310215x10"= Ai2 = 0 . 607924x10"^ 
Ai4=0 . 139738x10''^ 
Ai6=-0 . 824879X 10"= 



Aspherical surface 3 
K=:-0 . 193622 
A4=0 . 188729x10"^ 
As=-0 . 173007x10"^ 
A8=0 . 114561x10° 
Aio=-0 . 142900x10° 
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[Table 2] 



Example 2 
NAoBj 0.85, 



1.765, X= 405 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Diaphragm 




0 . 000 






1 (aspheric 
1) 


Objective 
lens 


1.726 


1.797 


1 . 52491 


56.5 


2 (aspheric 
2) 


24 . 183 


0 .450 






3 


0 . 903 


1 . 016 


1.52491 


56.5 


4 


, 3 . 044 


0 . 150 






5 


Transparent 
substrate 




0 . 100 


1 .61950 


30 . 0 


6 











Aspherical surface coefficient 
Aspherical surface 1 
K=-0 . 161673 
A4=-0 . 788688x10"^ 
A6=-0 . 190065x10'^ 
As^-O .461976x10"^ 
Aio=-0 . 191069x10"^ 
Ai2=-0 .457597x10"^ 
Ai4=0 .180742x10"^ 
Ai6=-0 . 124644X 10"^ 



Aspherical surface 
K=:303 . 022867 
A4=0 .646329x10"^ 
As=-0 . 128072x10"^ 
Ag=-0 .266976x10"^ 
Aio=0 . 109133x10""^ 
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[Table 3] 



Example 3 

NAqbj 0.85, foBj = 1.765, X= 405 nm 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Diaphragm 




0.000 






1 (aspheric 1) 


Obj ective 
lens 


1 . 609 


1.737 


1 . 52491 


56 . 5 


2 (aspheric 
2) 


20.403 


0.309 






3 (aspheric 
3) 


0.950 


1 . 040 


1.52491 


56.5 


4 


1 . 670 


0 . 150 






5 


Transparent 
substrate 




0 . 100 


1.61950 


30 . 0 


6 











Aspherical surface coefficient 



Aspherical surface 
K=-0 . 176315 
A4 = -0 . 982791x10'^ 
A6=-0 .239662x10'^ 
A8=-0 . 738613x10"^ 
Aio=-0 . 326873x10"^ 
Ai2=-0. 551180x10"^ 
Ai4=0. 501483x10"^ 
Ais=-0.317230x 10"^ 



Aspherical surface 2 
K=238 . 838905 
A4 = 0. 227228x10"^ 
A6=-0 . 901448x10'^ 
A8=-0 . 865489x10"^ 
Aio=-0 . 131119x10"^ 



Aspherical surface 3 

K=0 . 066760 
A4=-0 . 746263x10"^ 
A6=-0 . 674263x10^^ 
A8=-0 . 725839x10"^ 
Aio = 0 .483039x10"^ 
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[Table 4] 
Example 4 



NAoBj 0.85, 


foBj = 1.765, 


X= 405 


nm 






Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Diaphragm 




0 .000 






1 (aspheric 
1) 


Objective 
lens 


1.692 


2 .663 


1.52491 


56 .5 


2 (aspheric 
2) 




3 . 683 


0 . 100 






3 (aspheric 
3) 




0 . 707 


0 . 844 


1.52491 


56.5 


4 






0 .150 






5 


Transparent 




0 .100 


1.61950 


30 . 0 


6 


substrate 











Aspherical surface coefficient 

Aspherical surface 1 
K=-0 . 207684 
A4=-0 .343685x10"^ 
A6=-0. 170996x10'^ 
A8=-0 .437574x10"^ 
Aio = 0 .511484x10"^ 
Ai2 = 0 .878473x10"'' 
Ai4=-0 . 300568x10'^ 
Ai6=-0 . 117105X 10"^ 



Aspherical surface 2 
K=14 . 660631 
A4 = -0 . 539072x10'^ 
A6 = 0. 954683x10"^ 
A8 = -0 . 508916x10'^ 
Aio=-0 . 113718x10° 



Aspherical surface 3 
K=-0 .340640 
A4=-0.297686xl0'^ 
A6=0 . 1379836x10° 
A8=0. 622567x10° 
Aio=-0 . 131808x10"'^ 
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[Table 5] 



Example 5 

NAqbj 0.85, foBj = 1.765, X= 405 nm 



Surface No. 


Remarks 


r (mm) 


d (mm) 




Vd 


0 


Diaphragm 




0 . 000 






1 (aspheric 1) 


Objective 
lens 


2 .344 


3 .201 


1.52491 


56 .5 


2 (aspheric 
2) 


-5.218 


0.100 






3 (aspheric 
3) 


0 . 911 


1. 028 


1.52491 


56 . 5 


4 




0.150 






5 


Transparent 
substrate 




0 . 100 


1 . 61950 


30 . 0 


6 











Aspherical surface coefficient 

Aspherical surface 1 
K=-0 . 091659 
A4=-0 . 663594x10'^ 
A6=-0 . 117822x10"^ 
Ag^-O .265531x10"^ 
Aio=0 . 108093x10"^ 
Ai2=0 . 170171x10'^ 
Ai4=-0 .496141x10"^ 
Ai6=0 . 113761X 10"^ 

Aspherical surface 3 
K=0 . 052454 
A4 = 0 .304019x10"^ 
Ag=-0 . 105823x10"^ 
A8=-0 . 249552x10'^ 
Aio=-0 .244590x10° 

Examples] 
(Examples 6-11) 

Lens data relating to Examples 6, 7, 8, 9, 10 and 11, 
are respectively shown in Tables 6, 7, 8, 9, 10 and 11. When 
1 surface or 2 surfaces including the first surface are 



Aspherical surface 2 
K=-28. 340577 
A4 = 0 .263271x10"^ 
A6=-0 .472160x10"^ 
A8=0 . 109902x10"^ 
Aio=0 .518183x10"^ 
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formed to the diffractive surface having the ring-shaped 
step, the chromatic aberration of the objective lens can be 
finely corrected. Relating to each example, the optical path 
views are shown in Pig. 11, Fig. 13, Fig. 15, Fig. 17, Fig. 
19 and Fig. 21, and the spherical aberration view and the 
astigmatism view are respectively shown in Fig. 12, Fig. 14, 
Fig. 16, Fig. 18, Fig. 20, and Fig. 22. The objective lenses 
of Examples 6-11 are formed of plastic material, and the 
material is polyolefin resin, and its specific gravity is 
about 1.0, and the saturated water absorption is not larger 
than 0.01 %. Other values relating to the conditional 
expression are as described in Table 36. In this connection, 
in Table of each example, the diffractive surface is 
expressed by giving the coefficient of the optical path 
difference function expressed by the expression 2 in which 
the step difference is neglected, and the shape of the actual 
diffractive surface is produced so that the optical path 
difference by the step difference between each of ring-shaped 
zones becomes m times of the wavelength, (m is positive 
integer) 
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[Table 6] 

Example 6 
NAqbj 0.85, 



Surface No. 


Remarks 


r (mm) 


d (mm) 




Vd 


0 


Diaphragm 




0 . 000 






1 (aspheric 1, 
diffraction 
surface 1) 


Objective 
lens 


2 . 001 


1 . 683 


1 . 52491 


56 . 5 


2 (aspheric 
2) 


24 . 912 


0 .575 






3 (aspheric 
3) 


0 . 982 


1.088 


1 . 52491 


56.5 


4 


-5 . 337 


0 . 150 






5 


Transparent 
substrate 




0 . 100 


1.61950 


30.0 


6 











Aspherical surface coefficient 
Aspherical surface 1 Aspherical surface 
K=-354 .211152 
A4=0 .287649x10"^ 
A6=0 . 713128x10"^ 
A8=0 . 232361x10"^ 
Aio=-0 .271692x10"^ 
Ai2=0 . 122473x10"^ 



K=-0 . 10247 
A4 = -5. 5546x10'^ 
A6=-l. 5637x10"^ 
A8=-4 . 5979x10'* 
Aao=-9. 0730x10" 
Ai2=-4 . 8123x10"' 
Ai4=9 .7834x10"® 
Ai6=-3.0273x 10 



Aspherical surface 
K=-0 .312587 
A4=0 .215505x10"^ 
As=-0 . 340499x10"^ 
A8=0 . 120851x10° 
Aao=-0 . 107335x10° 



Diffraction surface coefficient 

Diffraction surface 1 
b2=-l . 5428x10'^ 
b4=-l . 6716x10"* 
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[Table 7] 



Example 7 

NAqbj 0.85, Eqbj = 1.765, X= 4 05 nm 



Surface No. 


Remarks 


r (mm) 


d (mm) 




Vd 


0 


Diaphragm 




0 . 000 






1 {aspheric 1 , 
diffraction 
surface 1) 


Objective 
lens 


1. 944 


1. 700 


1.52491 


56.5 


2 (aspheric 
2) 


32.238 


0 .600 






3 (aspheric 
3) 


0.959 


1 . 100 


1.52491 


56.5 


4 


-6.676 


0.150 






5 


Transparent 
substrate 




0.100 


1 . 61950 


30 . 0 


6 











Aspherical surface coefficient 

Aspherical surface 1 Aspherical surface 2 Aspherical surface 3 

K=-0. 110336 K=-347 . 282906 K=-0. 290745 

A4=-0 . 63824x10"^ A4 = 0 . 3 11808x10'^ A4 = 0 . 206726x10"^ 

A6=-l . 0172x10"^ A6=0 . 84228x10'^ A6= - 0 . 22 746 8x10 

A8=-3 . 8459x10"'* A8 = 0 . 279401x10"^ Ag^O . 112447x10° 

Aio=-8. 7158x10"^ Aio=-0. 261774x10'^ Aio=-0 . 970951x10'^ 
Ai2 = 2 . 9718x10"® Ai2=0 . 101541x10"^ 
Ai4 = 8 .3886x10"® 
Ai6=-4 . 1865X 10"^ 



Diffraction surface coefficient 

Diffraction surface 1 
b2=-6 . 3411x10"^ 
b4=-9 . 0875x10"^ 
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[Table 8] 
Example 8 



X= 4 05 nm 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Diaphragm 




0 . 000 






1 (aspheric 1 , 
diffraction 
surface 1) 


Obj ective 
lens 


1 . 959 


1 . 673 


1.52491 


56 .5 


2 (aspheric 
2, 

diffraction 
surface 2) 


20 . 120 


0 . 586 






3 (aspheric 
3) 


1. 000 


1. 085 


1.52491 


56 .5 


4 


-6.478 


0. 150 






5 


Transparen 
t 

substrate 




0 . ICQ 


1 . 61950 


30.0 


6 











Aspherical surface coefficient 



Aspherical surface 
K=-0 . 12837 
A4=-6 . 8769x10'^ 
A6=-l. 2838x10"^ 
A8=-3 .9729x10"^ 
Aio=-8 .5426x10'^ 
Ai2=-4 . 2277x10"^ 
Ai4=3 .0743x10"® 
Ai6=-4.1621x 10'^ 



1 Aspherical surface 2 Aspherical surface 3 



K=-347 .28 
A4 = 3 . 5358x10"^ 
A6 = 5 .3892x10"* 
A8 = 2. 2870x10"^ 
Aio=-2 .5233x10 
Ai2=7 . 7429x10"' 



K=-0 . 309757 
A4=0 . 141331x10"^ 
As=-0 .245971x10"^ 
A8=0 . 110065x10° 
Aio=-0 . 102902x10° 



Diffraction surface coefficient 



Diffraction surface 1 
b2=-l. 0117x10"^ 
b4 = -l. 2794x10"^ 



Diffraction surface 2 
b2=-l. 1317x10"^ 
b4=-l. 5484x10"^ 
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[Table 9] 



Example 9 

NAqbj 0.85, foBj = 1.765, X= 405 nm 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Diaphragm 




0 .000 






1 (aspheric 1 , 
diffraction 
surface 1) 


Obj ective 
lens 


1 . 658 


1.741 


1 . 52491 


56 . 5 


2 (aspheric 
2) 


23 . 001 


0.295 






3 (aspheric 
3) 


1. 038 


1.001 


1.52491 


55.5 


4 


2 . 848 


0 . 150 






5 


Transparent 
substrate 




0 . 100 


1.61950 


30.0 


6 











Aspherical surface coefficient 



Aspherical surface 
K=-0. 18259 
A4=-l . 1684x10"^ 
A6=-2 .4896x10"^ 
A8=-5 .2974x10"^ 
Aio=-2 . 9709x10'* 
Ai2=-7 . 7145x10"^ 
Ai4=4 .4544x10'^ 
Ai6=-2 . 1248x10" = 



1 Aspherical surface 
K=292 .538934 
A4 = 0 .209616x10'^ 
A6=-0 . 193960x10"^ 
A8 = -0 .400255x10"^ 
Aio=-0 . 881532x10'^ 



2 Aspherical surface 3 
K=0 . 145033 
A4=-0 . 185433x10'^ 
A6=-0 . 214689x10"^ 
A8=0 .524988x10'^ 
Aio=0. 534332x10"^ 



Diffraction surface coefficient 



Diffraction surface 1 
b2=-l. 4938x10"^ 
b4=-2. 4619x10"^ 
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[Table 10] 



Example 10 

NAqbj 0.85, foBj = 1.765, X= 405 nm 



Surface No . 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Diaphragm 




0 . 000 






1 (aspheric 1 , 
diffraction 
surface 1) 


Ob j ect ive 
lens 


1. 692 


2 . 526 


1. 52491 


56.5 


2 (aspheric 2) 


3 . 304 


0.100 






3 (aspheric 3) 


0 . 727 


0.790 


1.52491 


56.5 


4 




0 .150 






5 


Transparent 
substrate 




0 . 100 


1. 61950 


30.0 


6 











Aspherical surface coefficient 



Aspherical surface 
1 

K=-0 .22560 
A4 = -6 . 1791x10'^ 
A6=-l . 0042x10"^ 
A8 = -6 .4740x10"^ 
Aio=-l-157BxlO"^ 
Ai2=2 .7678x10"^ 
Ai4=l. 7069x10"^ 
Ai6=-1. 6811x10"^ 



Aspherical surface 
2 

K=10 . 549426 
A4=-0 . 131211x10° 
A6=0 . 984014x10"^ 
A8=-0 .497711x10"^ 
Aio=-0 . 731102x10"^ 



Aspherical surface 
3 

K=-0. 378420 
A4=-0. 841437x10"^ 
A6=-0 . 152828x10° 
A8=0 . 75172x10^^ 
Aio=-0 . 119708x10^^ 



Diffraction surface coefficient 

Diffraction surface 1 
b2=-l . 3812x10"^ 
b4 = -2 . 0039x10"^ 



256 



4803 



[Table 11] 



Example 11 

NAqbj 0.85, foBj= 1.765, X= 405 nm 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Diaphragm 




0 . 000 






1 (aspheric 
1, 

diffraction 
surface 1) 


Obj ective 
lens 


2.469 


3 . 149 


1.52491 


56.5 


2 (aspheric 
2) 


-5.129 


0.100 






3 (aspheric 
3) 


0 . 917 


0 . 994 


1 . 52491 


56 . 5 


4 




0 . 150 






5 


Transparent 
substrate 




0 . 100 


1.61950 


30.0 


6 











Aspherical surface coefficient 



Aspherical surface 
1 


Aspherical surface 
2 


Aspherical surface 
3 


K=-0 .17510 


K=-6 . 663812 


K=0 . 023136 


A4=-8 . 1876x10"^ 


A4 = 0. 186959x10"^ 


A4=0 . 998925x10"^ 


A6=-l . 0237x10"^ 


A6=-0 .415246x10"-' 


A6=-0 .344025x10"^ 


A8=-5. 1004x10"^ 


A8=0 . 161642x10""- 


A8=0 .333581x10"' 


Aio=4. 5565x10"' 


Aio=-0. 363829x10"^ 


Aao=-0 .280500x10" 


Ai2=7. 3953x10"^ 






Ai4=-5 . 7905x10"^ 






Ai6=8 . 9902x10"*= 







Diffraction surface coefficient 

Diffraction surface 1 
b2 = -l. 0363x10"^ 
b4=-l. 4490x10"^ 



(Example 12) 

In Example 12 showing the lens data in Table 12 , the 
objective lens is the structure in which 2 aspherical plastic 
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lenses are combined, and the spherical aberration correction 
means is a beam expander which is composed of a negative lens 
using the glass whose refractive index is high and whose 
dispersion is large, and the positive lens using the glass 
whose dispersion is low, and by making the lens interval 
between these 2 lenses variable, the variation of the 
spherical aberration can be corrected. The optical path view 
relating to the present example 12 is shown in Fig. 23, and 
the spherical aberration view is shown in Fig. 24. Further, 
by selecting the material as above, the focal point change by 
the mode hop of 1 nm in the whole light converging optical 
system is 0.12 jxm, and even when the NA is 0.85, it is 
sufficiently in the depth of focus. Further, in the present 
example 12, a result in which the variation of the spherical 
aberration generated in the optical system due to the various 
causes, is corrected by moving the movable lens of the beam 
expander along the optical axis, is shown in Table 24 which 
will be shown later. As can be seen from the Table, in the 
optical system of the present example, the spherical 
aberration generated due to the wavelength variation of the 
laser light source, temperature change, and the error of the 
transparent substrate thickness, can be finely corrected. 
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[Table 12] 
Example 12 



NAoBjO.85, foBj =1.765, foEj+gA=l • 4 94 , X =405 nm 



Surface No. 




r (mm) 


d (mm) 




vd 


0 


Light source 










1 


Spherical 
aberration 
correction 
means 


-15 . 147 


1 . 000 


1 .80689 


27.5 


2 


7.730 


d2 

(variable) 






3 


8 .485 


1.200 


1 .52972 


64 . 1 


4 


-6 . 858 


3 . 000 






Diaphragm 






0 .000 






5 (Aspheric 
1) 


Obj ective 
lens 


1. 870 


1 .700 


1 . 52491 


56.5 


6 (Aspheric 
2) 


21. 104 


0 .600 






7 (Aspheric 
3) 


0 . 916 


1 . 100 


1 . 52491 


56 .9 


8 




1.150 






9 


Transparent 
substrate 




0.100 


1 . 61950 


30 . 0 


10 











Aspherical surface coefficient 



Aspherical surface 
1 

K=-0 . 110336 
A4=-0. 606085x10'^ 
A6=-0 . 128275x10"^ 
A8=-0. 542297x10"^ 
Aio=-0 .100527x10"^ 
Ai2=-0 . 310215x10"^ 
Aa4=0 . 139738x10"'^ 
Ai6 = -0. 824879x10"^ 



Aspherical surface 
2 

K=105 .489400 
A4 = 0 . 729587x10'^ 
A6=-0 . 189725x10'^ 
A8=0. 480218x10'^ 
Aio=-0. 210959x10"^ 
Ai2=0 . 607924x10"^ 



Aspherical surface 
3 

K=-0 . 193622 
A4 = 0 . 188729x10"^ 
A6=-0 . 173007x10'^ 
A8=0 . 114561x10° 
Aio=-0 .42900x10° 



(Example 13) 

In Example 13 showing the lens data in Table 13, the 
objective lens is the structure in which 2 aspherical plastic 
lenses are combined, and the spherical aberration correction 



means is a beam expander which is composed of a negative lens 
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having the bi-aspherical surfaces and the positive lens on 
both surfaces of which the ring-shaped diffractive surface is 
provided. The optical path view relating to the present 
example 13 is shown in Fig. 25, and the spherical aberration 
view is shown in Fig. 26. Both of two lenses are formed of 
plastic material of polyolefin series, and Abbe's number is 
about 56 and a general material, but, by providing the 
diffractive structure, the chromatic aberration can be very 
finely corrected. Further, in the present example 13, the 
result in which the variation of the spherical aberration 
generated in the optical system due to various causes, is 
corrected by moving the movable lens of the beam expander 
along the optical axis, is shown in Table 25. 
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[Table 13] 



Example 13 

NAoBjO.85, foBj =1.765, f obj.,sa=1 - 455 , X =405 nm 



Surface No. 


Remarks 


r (mm) 


d(mm) 




vd 


0 


Light 
soiorce 










KAspheric I) 


Spherical 
aberration 
correction 
means 


-50 . 032 


0.800 


1.52491 


56.5 


2 (Aspheric 2 ) 


4 . 876 


d2 (variable) 






3 (diffraction 
surface 1) 


10 . 657 


1.200 


1.52491 


56.5 


4 (diffraction 
surface 2) 


-41.561 


3.000 






Diaphragm 






0.000 






5 (Aspheric 3) 


Ob j ective 
lens 


1.870 


1.700 


1.52491 


56.5 


6 (Aspheric 4) 


21. 104 


0.600 






7 (Aspheric 5) 


0 . 916 


1.100 


1.52491 


56.5 


8 




1.150 






9 


Transparent 
substrate 




0.100 


1.61950 


30.0 


10 











Aspherical surface coefficient 



Aspherical surface 1 
K=-762 .332639 
A4 = 0 . 104036x10'^ 
As=0 . 368940x10"^ 
A8 = 0 . 126187x10"^ 
Aio=-0 . 290226x10"^ 



Aspherical surface 2 
K=l. 490706 
A4 = 0 .287567x10"^ 
A6=0 .230977x10"^ 
A8=-0 . 147743x10"* 
Aio=-0 . 232832x10"^ 



Aspherical surface 3 Aspherical surface 4 Aspherical surface 5 



K=-0 . 110336 
A4=-0. 606085x10"^ 
A6=-0 . 128275x10"^ 
A8=-0 . 542297x10"^ 
Aio=-0 . 100527x10"^ 
Ai2=-0. 310215x10'^ 
Ai4=0. 139738x10""^ 
Ai5=-0. 824879x10"^ 



K=105 .469 
A4 = 0 . 729587x10'^ 
A6=-0 . 189725x10"^ 
A8 = 0. 480216x10"^ 
Aio=-0 . 210959X10"' 
Ai2=0 .607924x10"^ 



K=-0 . 193622 
A4=0 . 188729x10'^ 
A6=-0 . 173007x10"^ 
A8=0 . 114561x10° 
Aio=-0. 142900X10° 
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Diffraction surface coefficient 



Diffraction surface 1 
b2=-9. 6124x10"^ 
b4=-6 . 0036x10'^ 



Diffraction surface 2 
b2 = -9. 2202x10"^ 
b4 = l. 5289x10"^ 



(Example 14) 

In Example 14 showing the lens data in Table 14, the 
objective lens is the structure in which 2 aspherical plastic 
lenses are combined, and the spherical aberration correction 
means is formed to a beam expander which is composed of a 
negative lens having the bi-aspherical surfaces and a 
positive lens of both surfaces of which arespherical surface, 
and in which the positive lens is formed of the plastic 
material of polyolefin series, and the negative lens is 
formed of the plastic whose refractive index is high, and 
whose dispersion is large, and the chromatic aberration of 
the composite system is corrected. The optical path view 
relating to the present example 14 is shown in Fig. 27, and 
the spherical aberration view is shown in Fig. 28. Further, 
in the present example 14, the result in which the variation 
of the spherical aberration generated in the optical system 
due to various causes, is corrected by moving the movable 
lens of the beam expander along the optical axis, is shown in 
Table 26. 
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[Table 14] 
Example 14 

NAoBjO.85, foBj =1.765, foBJ+SA=l • 54 7 , 



X =405 



Surface No. 


Remarks 


r (mm) 


d(ram) 




Vd 


0 


Light 
source 










1 (Aspheric 1) 


Spherical 
aberration 
correction 
means 


-23 .299 


1.000 


1.66845 


24.3 


2 (Aspheric 2 ) 


5 .211 


d2 (variable) 






3 


5 . 564 


1.200 


1.52491 


56.5 


4 


-10 . 751 


3.000 






Diaphragm 






0.000 






5 (Aspheric 3 ) 


Objective 
lens 


1 .870 


1.700 


1.52491 


56.5 


6 (Aspheric 4 ) 


21. 104 


0.600 






7 (Aspheric 5) 


0 . 916 


1.100 


1.52491 


56.5 


8 




0.150 






9 


Transparent 
substrate 




0.100 


1.61950 


30.0 


10 











Aspherical surface coefficient 

Aspherical surface 1 
K=-59 .802056 
A4=0 . 492931x10"^ 
A6=0 . 170031x10'^ 
A8=0 . 531438x10"^ 
Aio = -0 . 736216x10'^ 



Aspherical surface 
K=l . 007642 
A4 = 0 . 107648x10"^ 
A6 = 0 . 132326x10"^ 
A8=-0 . 151895x10"^ 
Aio=-0 .481466x10"^ 



Aspherical surface 
K=-0 . 110336 
A4=-0. 606085x10"^ 
A6=-0. 128275x10"^ 
A8=-0. 542297x10"^ 
Aio=-0 . 100527x10'^ 
Ai2 = -0 .310215x10"^ 
Ai4 = 0 .139738xl0"'' 
Ai6=-0. 824879x10"^ 



Aspherical surface 
K=105 .469400 
A4=0 . 729587x10'^ 
Ag=-0 . 189725x10"^ 
A8=0 .480216x10"^ 
Aio=-0 . 210959x10"^ 
Ai2=0 .607924x10"^ 



Aspherical surface 
K=-0 . 193622 
A4 = 0 . 188729x10'^ 
As = -0 . 173007x10"^ 
A8=0 . 114561x10° 
Aio=-0 . 142900X10° 



In Example 15 showing the lens data in Table 15, the 
objective lens is the structure in which 2 aspherical plastic 
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lenses are combined, and as the spherical aberration 
correction means, the coupling lens which has the structure 
of 2 elements in 1 group is selected, and in this coupling 
lens, as the negative lens, the material whose dispersion is 
large is used, and the chromatic aberration of the objective 
lens can be corrected. The optical path view relating to the 
present example 15 is shown in Fig. 29, and the spherical 
aberration view is shown in Fig. 30. Further, in the present 
example 15, the result in which the variation of the 
spherical aberration generated in the optical system due to 
various causes, is corrected by moving the coupling lens 
along the optical axis, is shown in Table 27. 
[Table 15] 
Example 15 



NAoBjO.85, foBj =1.765, f obj+sa=8 244 , X ^405 nm 



Surface No. 


Remarks 


r (mm) 


d(mm) 




vd 


0 


Light 
source 




do (variable) 






1 


Spherical 
aberation 
correction 
means 


14.551 


1.000 


1.91409 


23.8 


2 


2.387 


2.100 


1.71548 


53.2 


3 (Aspheric 1) 




-5.102 


d3 (variable) 








Diaphragm 




0.000 






4 (Aspheric 3) 


Objective 
lens 


1.870 


1.700 


1.52491 


56.5 


5 (Aspheric 4) 


21.104 


0.600 






6 (Aspheric 5) 


0.916 


1.100 


1.52491 


56.5 


7 




1.150 






8 


Transparent 
substrate 




0.100 


1.61950 


30.0 


9 
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Aspherical surface coefficient 



Aspherical surface 1 
K=0 .299104 



Aspherical surface 2 
K=-0. 110336 
A4 = -0. 606085x10'^ 



A4=-0 . 116889x10'^ 
As=-0 . 226521x10"^ 
A8=-0 . 151997x10'^ 
Aio=-0 . 999215x10"^ 



A6=-0 - 128275x10"^ 
A8=-0. 542297x10"^ 
Aio=-0 . 100527x10"^ 
Ai4 = 0. 139738x10^^ 
Ais=-0 . 824879x10"^ 



Aspherical surface 3 
K=105. 469400 



Aspherical surface 4 
K=-0 . 193622 
A4 = 0. 188729x10"^ 
A6=-0 . 173007x10'^ 
Ag^O. 114561x10° 
Aio=-0 . 142900x10° 



A4=0 . 729587x10"^ 
A6=-0 . 189725x10'^ 
A8=0. 480216x10"^ 
Aio=-0 .210959x10"- 



Ai2=0 .607924x10"^ 
(Example 16) 

In the Example 16 showing the lens data in Table 16, 
the coupling lens is a plastic lens whose surface the light 
source side is the diffractive surface macroscopically 
regarded as the plane, and whose surface of far side from the 
light source is an aspherical surface. Because the coupling 
lens of the present example is simple and low cost, and. very- 
light, the burden onto the actuator to drive the coupling 
lens in order to correct the spherical aberration is small, 
and further, because the inertia is small, the high speed 
drive becomes possible. Further, the chromatic aberration in 
the composite system including the chromatic aberration of 
the objective lens can be finely corrected by the diffr-active 
surface. The optical path view relating to the present 
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Example 16 is shown in Fig. 31, and the spherical aberration 
view is shown in Fig. 32. Further in the present Example 16, 
the result in which the variation of the spherical aberration 
generated in the optical system due to various causes, is 
corrected by moving the coupling lens along the optical axis, 
is shown in Table 28. 
[Table 16] 
Example 16 

NAoBjO.85, foBj " " ^ 



Surface No. 


Remarks 


r (mm) 


d (mm) 




Yd 


0 


Light 
source 




do 

(variable) 






1 (Diffraction 
surface 1) 


Spherical 
aberation 
correction 
means 




1.200 


1.52491 


56.5 


2 {Aspheric 1) 


-11.252 


d2 

(variable) 








Diaphragm 




0.000 






3 (Aspheric 2) 


Obj ect ive 
lens 


1.870 


1.700 


1.52491 


56.5 


4 (Aspheric 3 ) 


21.104 


0.600 






5 (Aspheric 4 ) 


0.916 


1.100 


1.52491 


56.5 


6 




1.150 






7 


Transparent 
substrate 




0.100 


1.61950 


30.0 


8 
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Aspherical surface coefficient 



Aspherical surface 1 
K=-l. 326573 



Aspherical surface 2 
K=-0. 110336 



A4 = 0 . 149622x10"^ 
A6=-0 . 115965x10'^ 
A8= 0.386094x10"^ 
Aio=-0 . 399163x10"' 



A4=-0 .606085x10"^ 
A6=-0. 128275x10"^ 
A8=-0 . 542297x10'^ 
Aio=-0. 100527x10"^ 
Ai2=-0.310215xl0"^ 
Ai4=0 . 139738x10""^ 
Ai6=-0. 824879x10"^ 



Aspherical surface 3 
K=105 .469400 
A4 = 0 . 729587x10"^ 
A6=-0. 189725x10"^ 
A8=0 .480216x10"^ 
Aio=-0. 210959x10"^ 



Aspherical surface 4 
K=-0 . 193622 
A4 = 0 . 188729x10"^ 



As=-0 . 173007x10"^ 
A8= 0.114561x10° 
Aio=-0 . 142900x10° 



Ai2=0 . 607924x10"^ 

Diffraction surface coefficient 

Diffraction surface 1 
b2 =-1.9039x10'^ 
b4 =-5.4751x10'^ 

(Example 17) 

In the Example 17 showing the lens data in Table 17, 
the objective lens is a structure in which 2 aspherical 
plastic lenses are combined, and a diffractive surface is 
provided on one surface, and the chromatic aberration is 
corrected. The spherical aberration correction means is a 
beam expander composed of the aspherical positive lens and 
the negative lens, and both the positive lens and the 



negative lens are made of same plastic material, and in. the 
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spherical aberration correction means, the chromatic 
aberration is under correction, but, the chromatic aberration 
of the composite system is finely corrected by the action of 
the diffractive surface of the objective lens. The optical 
path view relating to the present Example 17 is shown in Fig. 
33, and the spherical aberration view is shown in Fig. 34. 
Further in the present Example 17, the result in which the 
variation of the spherical aberration generated in the 
optical system due to various causes, is corrected by moving 
the movable lens of the beam expander along the optical axis, 
is shown in Table 29. 
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[Table 17] 
Example 17 
NAoBjO.85, 



:a=1.583, % =405 nm 



Surface No. 


Remarks 


r (mm) 


d(mm) 




vd 




Light source 




oo 






I (Aspheric 
I) 


Spherical 
aberrat ion 
correction 
means 


-19.492 


0.800 


1.52491 


56.5 


2 (Aspheric 
2} 


18.605 


d2 (variable) 






3 


17.164 


1.200 


1.52491 


56.5 


4 


-26.623 


3.000 








Diaphragm 




0.000 






5 (Aspheric 
3 , 

Diffraction 
surface 1) 


Objective 
lens 


2.001 


1.683 


1.52491 


56.5 


6 (Aspheric 
4) 


24 . 912 


0.575 






7 (Aspheric 
5) 


0.982 


1.088 


1.52491 


56.5 


8 


-5.337 


0.150 






9 


Transparent 
substrate 




0.100 


1.61950 


30.0 


10 











Aspherical surface coefficient 

Aspherical surface 1 
K=-6 .217954 
A4=0. 248545x10"^ 
A6=0. 101205x10'^ 
A8= 0.200087x10"^ 
Aio=-0. 172459x10'* 



Aspherical surface 2 
K=10. 650678 
A4=0 . 165177x10'^ 
A6 = 0 . 836692x10"'' 
A8 = 0 . 221189x10"^ 
Aio=-0 .164006x10"* 



Aspherical surface Aspherical surface Aspherical surface 



K=-0 . 10247 
A4=-5 . 5546x10"^ 
A6=-l. 5637x10"^ 
A8 = -4 . 5919x10"* 
Aio=-9 . 0730x10"^ 
Ai2=-4. 8123x10"^ 
Aa4= 9.78340x10"^ 
Ais=-3 . 0273x10"* 



K=-354 .21152 
A4= 0.287649x10"^ 
Ag=0. 713128x10"^ 
A8= 0.232361x10"^ 
Aio=-0 . 271692x10"- 
Ai2 = 0 . 122473x10"^ 



K=-0 .312587 
A4= 0.215505x10"^ 
A6=-0 . 340499x10"^ 
A8= 0.120851x10° 
Aio=-0 . 107335x1 0° 
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Diffraction surface coefficient 

Diffraction surface 1 
hz =-1.5428x10"^ 
b4 =-1.6716x10"* 
bg =-4.3482x10"* 

(Example 18) 

In the Example 18 showing the lens data in Table 18, 
the objective lens is a structure in which 2 aspherical 
plastic lenses are combined, and a diffractive surface is 
provided on one surface, and the chromatic aberration is 
corrected. The spherical aberration correction means is a 
beam expander structured by the negative lens whose both 
surfaces are aspherical surfaces and the positive lens whose 
both surfaces are spherical surfaces, and in which the 
positive lens is formed of the plastic material of the 
polyolefin series. The optical path view relating to the 
present Example 18 is shown in Fig. 35, and the spherical 
aberration view is shown in Fig. 36. Because the chromatic 
aberration correction is burdened on the beam expander, the 
diffractive power of the diffractive surface of the obj active 
lens can be reduced, therefore, the minimum pitch of ring- 
shaped zone can be increased, and it can be easily produced, 
and the diffraction efficiency is hardly lowered. Further in 
the present Example 18, the result in which the variation of 
the spherical aberration generated in the optical system due 
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to various causes, is corrected by moving the movable lens of 
the beam expander along the optical axis, is shown in Table 
30 . 

[Table 18] 
Example 18 



NAoBjO.85, foBj =1.765, f obj.sa=1 - 54 2 , X =405 nm 



Surface No. 


Remarks 


r (ram) 


d(ram) 




vd 




Light 
source 










KAspheric 1) 


Spherical 
aberration 
correction 
means 


-23.128 


0.800 


1.66845 


24.3 


2(Aspheric 2) 


18.832 


d2 (variable) 






3 


25.516 


1.200 


1.52491 


56.5 


4 


-14.288 


3.000 








Diaphragm 




0.000 






5 (Aspheric 3 , 
Diffraction 
surface 1) 


Obj ective 
lens 


1.944 


1.700 


1.52491 


56.5 


6 (Aspheric 4 ) 


32.238 


0.600 






7 (Aspheric 5) 


0.959 


1.100 


1.52491 


56.5 


8 


-6.676 


0.150 






9 


Transparent 
substrate 




0.100 


1.61950 


30.0 


10 
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Aspherical surface coefficient 



Aspherical surface 
K=15. 803380 
A4 = 0 . 792641x10"^ 
A6 = 0. 207367x10"^ 
A8= -0.304918x10"^ 
Aio=-0 .202154x10"^ 



Aspherical surface 2 
K=-3 .81090 
A4=-0 . 607994x10'^ 
A6=-0 . 168746x10'^ 
A8=-0 .430104x10"^ 
Aio=-0 . 222084x10"^ 



Aspherical surface 
K=-0 . 10169 
A4=-6. 3824x10"^ 
A6=-l. 0712x10"^ 
A8=-3 . 8459x10"^ 
Aio=-8 .7158x10' = 
Ai2= 2.9718x10'^ 
Ai4= 8.3886x10'^ 
Ai6=-4 . 1865x10'^ 



Aspherical surface 
K=-347 .282906 
A4= 0.311088x10"^ 
As= 0.842221x10'^ 
A8= 0.279401x10'^ 
Aio=-0. 261774x10"^ 
Ai2= 0.101541x10'^ 



Aspherical surface 
K=-0 . 29074 5 
A4= 0.206726x10'^ 
A6=-2 .27468x10"^ 
A8= 0.112447x10° 
Aio=-0 . 970951x10'^ 



Diffraction surface coefficient 

Diffraction surface 1 
hz =-6.3411x10"^ 
b4 =-9.0875x10'^ 



(Example 19) 

In the Example 19 showing the lens data in Table 19, 
the objective lens is a structure in which 2 aspherical 
plastic lenses are combined, and a diffractive surface is 
provided on one surface, and the chromatic aberration is 
corrected. The spherical aberration correction means is a 
beam expander structured by the negative plastic lens whose 
both surfaces are aspherical surfaces and the positive 
plastic lens whose both surfaces are spherical surfaces and 
the diffractive surfaces are provided on both surfaces 
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thereof. The optical path view relating to the present 
Example 19 is shown in Fig. 37, and the spherical aberration 
view is shown in Fig. 38. Because, in the present example, 2 
diffractive surfaces are provided on the objective lens and 
the beam expander and the chromatic aberration is corrected, 
the refracting power of the each diffractive surface can be 
reduced, therefore, the minimum ring-shaped zone pitch can be 
increased, and it can be easily produced, and the diffraction 
efficiency is hardly lowered. Further, in the present 
Example 19, the result in which the variation of the 
spherical aberration generated in the optical system due to 
various causes, is corrected by moving the movable lens of 
the beam expander along the optical axis, is shown in Table 
31. 
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[Table 19] 
Example 19 



=1.765, 



foBjs-SA=l-586, X =405 nm 



Siirface No. 


Remarks 


r (mm) 


d(ram) 




Vd 




Light 
source 










1 (Aspheric 1) 


Spherical 
aberration 
correction 
means 


-20.202 


0.800 


1.52491 


56.5 


2 (Aspheric 2) 


15.224 


d2 (variable) 






3 (Diffraction 
STorface 1) 


13.592 


1.200 


1.52491 


56.5 


4 (diffraction 
surface 2) 


-419.053 


3.000 








Diaphragm 




0.000 






5 (Aspheric 3 , 
Diffraction 
surface 3) 


Obj ective 
lens 


1.944 


1.700 


1.52491 


56.5 


6 (Aspheric 4} 


32.238 


0.600 






7 (Aspheric 5) 


0.959 


1.100 


1.52491 


56.5 


8 


-6.676 


0.150 






9 


Transparent 
si±>strate 




0.100 


1.61950 


30.0 


10 











Aspherical surface coefficient 

Aspherical surface 1 
K=-45 . 250451 
A4= 0.921085x10'^ 
A6= 0.65964x10"^ 
Aa= -0.118168x10"^ 
Aio = -0 . 654080x10"^ 



Aspherical surface 
K=42 . 724519 
A4= 0.733944x10"^ 
As= 0.436368x10"^ 
A8 = -0 . 120250x10"^ 
Aio=-0 . 105031x10"^ 



Aspherical surface 3 
K=-0 . 10167 
A4=-6 .3824x10"^ 
As=-1 . 0712x10"^ 
A8=-3 . 8459x10"^ 
Aio = -8. 7158x10"^ 
Ai2= 2.9718x10"^ 
Ai4= 8.3886x10"^ 
Aa6=-4 . 1865x10"^ 



Aspherical surface 
K=-347 .282906 
A4= 0.311088x10"^ 
As= 0.842228x10"^ 
A8= 0-279401x10"^ 
Aio=-0. 261774x10"^ 
Ai2= 0.101541x10"^ 



4 Aspherical surface 
K=-0 . 290745 
A4= 0.206726x10"^ 
A6=-2 . 27468x1 0"^ 
A8= 0.112447x10° 
Aio=-0 . 970951x10"^ 
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Diffraction surface coefficient 



Diffraction 
surface 1 



Diffraction 
surface 2 



Diffraction 

surface 3 
= -6 .3411x10'^ 
:-9 . 0875x10'^ 



b2 =- 
b4 =-. 



-3.7752x10'^ 
-3 . 0596x10"^ 



b2 =- 
b4 =6 



-3 . 8256x10"^ 
6 . 0638x10'^ 



b2 =- 
b4 =- 



(Example 20) 

In the Example 2 0 showing the lens data in Table 20, 
the objective lens is a structure in which 2 aspherical 
plastic lenses are combined, and a diffractive surface is 
provided on one surface, and the chromatic aberration is 
corrected. The spherical aberration correction means is a 
coupling lens formed of the bi-aspherical plastic lens. By 
the diffractive surface provided on the objective lens, the 
chromatic aberration of the composite system is finely 
corrected. The optical path view relating to the present 
Example 20 is shown in Fig. 39, and the spherical aberration 
view is shown in Fig. 40. In the same manner, the coupling 
lens is low cost and light weight. Further, in the present 
Example 20, the result in which the variation of the 
spherical aberration generated in the optical system due to 
various causes, is corrected by moving the coupling lens 
along the optical axis, is shown in Table 32. 
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[Table 20] 
Example 2 0 



Surface No. 


Remarks 


r (mm) 


d(mm) 


Nx 


vd 




Light source 




do (variable) 






KAspheric 1) 


Spherical 
aberration 
correction 
means 


218.395 


1.200 


1.52491 


56.5 


2 (Aspheric 2) 


-4.798 


d2 (variable) 








Diaphragm 




0.000 






3 (Aspheric 3 , 
Diffraction 
sijrface 1) 


Objective 
lens 


2.001 


1.683 


1.52491 


56.5 


4 (Aspheric 4) 


24.912 


0.575 






5 (Aspheric 5) 


0.982 


1.088 


1.52491 


56.5 


6 


-5.337 


0.150 






7 


Transparent 
substrate 




0.100 


1.61950 


30.0 


8 











Aspherical surface coefficient 

Aspherical surface 1 
K=-4336 . 984251 
A4=-0 . 249284x10"^ 
A6=-0. 768502x10"^ 
A8=-0 .471233x10"^ 
Aio=-0 .386475x10"^ 



Aspherical surface 2 
K=-0 . 267984 
A4= 0.137299x10"^ 
A6 = -0 . 186502x10"^ 
A8=-0 .293545x10'^ 
Aio = -0. 215252x10"^ 



Aspherical surface 
K=-0 . 10247 
A4 = -5. 5646x10"^ 
A5=-l. 5637x10'^ 
A8=-4 .5919x10"^ 
Aio=-9 . 0730x10"^ 
Ai2=-4. 8123x10'® 
Ai4= 9.7834x10"^ 
Ai6=-3 . 0273x10"^ 



3 Aspherical surface 
K=-354 .211152 
A4= 0.287649x10'^ 
A6= 0.713128x10'^ 
A8= 0.232361x10'^ 
Aio=-0 . 271692x10"^ 
Ai2= 0.122473x10"^ 



4 Aspherical surface 5 
K=-0 . 312587 
A4= 0.215505x10'^ 
A6=-0. 340499x10'^ 
A8= 0.120851x10° 
Aio=-0 . 107335X110° 
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Diffraction surface coefficient 

Diffraction surface 1 
b2 = -l . 5428x10"^ 
b4 = -l. 6716x10"^ 
b6=-4 .3482x10"^ 

(Example 21) 

In the Example 21 showing the lens data in Table 21, 
the objective lens is a structure in which 2 aspherical 
plastic lenses are combined, and a diffractive surface is 
provided on one surface, and the chromatic aberration is 
corrected. The spherical aberration correction means is a 
plastic coupling lens whose surface on the light source side 
is a diffractive surface regarded as macroscopically the 
plane and whose surface on the side far from the light source 
is an aspherical surface. The optical path view relating to 
the present Example 21 is shown in Fig. 41, and the spherical 
aberration view is shown in Fig. 42. Because the diffractive 
surfaces are provided at two portions of the objective lens 
and the coupling lens, and the chromatic aberration is 
corrected, the diffractive power of each diffractive surface 
can be reduced, and the minimum pitch of ring-shaped zone can 
be increased, and the it is easily produced, and the 
diffraction efficiency is hardly lowered. Further, in the 
present Example 21, the result in which the variation of the 
spherical aberration generated in the optical system due to 
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various causes, is corrected by moving the coupling lens 
along the optical axis, is shown in Table 33. 
[Table 21] 
Example 21 



NAoBjO.85, foBj =1.765, £obj^sa=4 . 685 , X =405 nm 



Surface No. 


Remarks 


r (tnm) 


d(mm) 




vd 




Light 
source 




do (variable) 






1 (Diffraction 
surface 1) 


Spherical 
aberration 
correction 
means 




1.000 


1.52491 


56.5 


2 (Aspheric 1) 


-5.832 


d2 (variable) 








Diaphragm 




0.000 






3 (Aspheric 2 , 
Diffraction 
surface 2) 


Objective 
lens 


1.944 


1.700 


1.52491 


56.5 


4 (Aspheric 3 ) 


32.238 


0.500 






5 (Aspheric 4 ) 


0.959 


1.100 


1.52491 


56.5 


6 


-6.676 


0.150 






7 


Transparent 
substrate 




0.100 


1.61950 


30.0 


8 
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Aspherical surface coefficient 



Aspherical surface 1 
K=0 . 878937 
A4=-0 .781949x10'^ 
A6=-0 .206309x10'^ 
A8= 0.857589x10'^ 
Aio=-0. 203961x10"^ 



Aspherical surface 3 

K=-347.283 

A4= 0.311083x10"^ 

Ae= 0.842228x10'^ 

A8= 0.279401x10'^ 

Aio=-0. 261774x10'^ 

Ai2= 0.101541x10'^ 



Aspherical surface 2 
K=-0 . 10169 
A4=-6. 3824x10'^ 
A6=-0. 10712x10"^ 
A8=-3 . 8459x10"* 
Aio=-8 . 7158x10"^ 
Ai2= 2.9718x10"^ 
Ai4= 8.3886x10"^ 
Ai6= 4.1865x10"^ 

Aspherical surface 4 
K=-0 . 290745 
A4= 0.206726x10"^ 
A6=-0 .227468x10"^ 
A8= 0.112447x10° 
Aio=-0 . 970951x10"^ 



Diffraction surface coefficient 



Diffraction surface 1 
b2=-l. 4762x10'^ 
b4= 1.2805x10'^ 



Diffraction surface 2 
b2 =-6.3411x10'^ 
b4 =-9.0875x10'^ 



(Example 22) 

In the Example 22 showing the lens data in Table 22, 
the objective lens is a structure in which 2 aspherical 
plastic lenses are combined, and as the spherical aberration 
correction means, it is formed to a beam expander structured 
by the negative plastic lens whose both surfaces are 
aspherical surface and the positive plastic lens whose both 
surfaces are spherical surfaces, and on both surfaces of 
which the diffractive surfaces are provided. The optical 
path view relating to the present Example 22 is shown In Fig. 
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43, and the spherical aberration view is shown in Fig. 44. 
Because 2 diffractive surfaces are provided on the beam 
expander and the chromatic aberration is corrected, the 
diffractive power of the each diffractive surface can be 
reduced, therefore, the minimum pitch of ring-shaped zone can 
be increased, and it can be easily produced, and the 
diffraction efficiency is hardly lowered. Further, in the 
present Example 22, the result in which the variation of the 
spherical aberration generated in the optical system due to 
various causes, is corrected by moving the movable lens of 
the beam expander along the optical axis, is shown in Table 
34. Further, in the optical system of the present example, 
the recording and/or reproducing is possible onto the optical 
information recording medium having 2 recording layers on one 
side. The transparent substrate thickness of the first 
recording layer is 0.1 mm, and the transparent substrate 
thickness of the second recording layer is 0.2 mm. As shown 
in Table 34, the spherical aberration generated due to the 
difference of this transparent substrate thickness is 
corrected by moving the movable lens of the beam expander 
along the optical axis. When the displacement amount of the 
movable lens is increased, the recording and/or reprodu-cing 
onto the optical information recording medium having th.e 
recording layers of more than 3 layers, is possible. 
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[Table 22] 
Example 22 



Surface No. 


Remarks 


r(ram) 


d (mm) 




vd 




Light source 










1 (Aspheric 1) 


Spherical 
aberration 
correction 
means 


-46.369 


0.800 


1.52491 


56.5 


2 (Aspheric 2) 


4.974 


62 (variable) 






3 

(Diffraction 
surface 1) 


-319.213 


1.200 


1.52491 


56.5 


4 

(Diffraction 
surface 2) 


-11.782 


3.000 








Diaphragm 




0.000 






5 (Aspheric 3) 


Objective 
lens 


1.870 


1.700 


1.52491 


56.5 


6 (Aspheric 4 ) 


21.104 


0.600 






7 (Aspheric 5) 


0.916 


1.100 


1.52491 


56.5 


8 




0.150 






9 


Transparent 
substrate 




d9 (variable) 


1.61950 


30.0 


10 











Aspherical surface coefficient 

Aspherical surface 1 
K=-423 . 235373 
A4= 0.439197x10"^ 
As = -0 . 311637x10'^ 
A8 = -0. 297922x10"^ 
Aio=-0 .245602x10'^ 



Aspherical surface 
K=l. 165359 
A4=-0 . 110225x10"^ 
As=-0 . 997977x10'^ 
A8 = -0 .453330x10""^ 
Aio=-0 . 958223x10"^ 



Aspherical surface 3 Aspherical surface 4 Aspherical surface 5 



K=-0 . 110338 
A4=-0 . 606085x10'^ 
A6=-0 . 128275x10"^ 
A8=-0. 542297x10"^ 
Aio = -0 . 100527x10'- 
Ai2 = -0 . 310215x10"' 
Ai4= 0.139738x10"' 
Ai6=-0 . 824879x10"' 



K=105 .469400 
A4= 0.729587x10"^ 
A6=-0 . 189725x10"^ 
As= 0.480216x10"^ 
Aio=-0 .210959xl0'' 
Ai2= 0.607924x10" 



K--0 . 193622 
A4= 0.188729x10"^ 
A6=-0 . 173007x10"^ 
A8= 0.114561x10° 
Aio=-0 . 142900x:10° 
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Diffraction surface coefficient 



Diffraction surface 1 
b2 = -l. 0252x10"^ 
b4=-4 .5888x10"^ 



Diffraction surface 2 
hz =-9.8124x10"^ 
hi = 2.4328x10"^ 



(Example 23) 

In the Example 23 showing the lens data in Table 23, 
the objective lens is a structure in which 2 aspherical 
plastic lenses are combined, and the diffractive surface is 
provided on one surface, and the chromatic aberration is 
corrected. The spherical aberration correction means is a 
coupling lens formed of the plastic lens whose both surfaces 
are aspherical surface. The optical path view relating to 
the present Example 2 3 is shown in Fig. 45, and the spherical 
aberration view is shown in Fig. 46. Further, in the present 
example 23, the result in which the variation of the 
spherical aberration generated in the optical system due to 
various causes, is corrected by moving the coupling lens 
along the optical axis, is shown in Table 35. Further, in 
the optical system of the present example, the recording 
and/or reproducing is possible onto the optical information 
recording medium having 2 recording layers on one side. The 
transparent substrate thickness of the first recording layer 
is 0.1 mm, and the transparent substrate thickness of the 
second recording layer is 0.2 mm. As shown in Table 35, the 
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spherical aberration generated due to the difference of this 
transparent substrate thickness is corrected by moving the 
coupling lens along the optical axis. When the displacement 
amount of the movable lens is increased, the recording and/or 
reproducing onto the optical information recording medium 
having the recording layers of more than 3 layers, is 
possible . 
[Table 23] 
Example 2 3 



NAoBjO.85, foBj =1.765, f obj+sa=3 . 6 0 9 , X =405 nm 



Surface No. 


Remarks 


r (mm) 


d(mm) 




Vd 




Light source 




do (variable) 






l(Aspheric 1) 


Spherical 
aberration 
correction 
means 


880.783 


1.200 


1.52491 


56.5 


2 {Aspheric 2 ) 


-4.851 


d2 (variable) 








Diaphragm 




0.000 






3 (Asperic 3 
Diffraction 
surface 1) 


Objective 
lens 


2.001 


1.683 


1.52491 


56.5 


4 (Aspheric 4 ) 


24.912 


0.575 






5 (Aspheric 5) 


0.982 


1.088 


1.52491 


56.5 


6 


-5.337 


0.150 






7 


Transparent 
substrate 




d9 (variable) 


1.61950 


30.0 


8 
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Aspherical surface coefficient 

Aspherical surface 1 Aspherical surface 2 

K=181947. 0772 K=-l. 956974 

A4= 0.549647x10'^ A4= 0.201267x10"^ 

A6= 0.106005x10"^ As= 0.134232x10"^ 

A8=- 0.755968x10"^ A8=- 0 . 165037x10"^ 

Aio=- 0.44 8479x10"^ Aio= - 0 . 23 1114x10"^ 

Aspherical surface 3 Aspherical surface 4 Aspherical surface 

K=-0. 10247 K=-354. 21152 K=-0. 312587 

A4=-5. 5546x10"^ A4= 0.287649x10"^ A4= 0.215505x10"^ 

A6 = -l. 5637x10"^ A6= 0.71312 8x10"^ A6=-0 . 340499x10"^ 

A8=-4. 5919x10"^ A8= 0.232361x10"^ Ag^ 0.120851x10° 

Aio=-9 . 0730x10"^ Aio=-0 .271692x10"^ Aio= - 0 . 10 733 5x1 0° 

Ai2=-4 .8123x10"^ Ai2= 0.122473x10"^ 
Ai4= 9.7834x10"^ 
Ais=-3 . 0273x10"® 



Diffraction surface coefficient 

Diffraction surface 1 
b2=-l . 5428x10'^ 
b4 = -l . 6716x10"^ 
b6=-4 . 3482x10"'^ 



284 



4803 



[Table 24] 



Example 12 



Factors of spherical 
aberration variation 


Wave front 
aberrat ion 

after 
correction 


d2 (variable) 


Reference condition 
Ck=405 nm, T=25 °C, t=0.100 
mm) 


0 . 001?l, 


0 . 500 


Wavelength 
variation of 
LD 


AX =+10 nm 


O.OOlX 


0.487 


AX =-10 nm 


0 . 002X 


0 . 515 


Temperature 
change 


At =+3 0 °C 


0 . 005?^ 


0.543 


AT =-30 °C 


0 . 008?. 


0 .457 


Transparent 
substrate 
thickness 
error 


At =+0.02 mm 


0. 001?i 


0 .287 




At =-0.02 mm 


0 .002X 


0 . 727 


[Table 25] 
Example 13 


Factors of spherical 
aberration variation 


Wave front 
aberration 

after 
correction 


d2 (variable) 


Reference condition 
(X=405 nra, T=25 °C, t=0.100 
mm) 


0 . OOlX 


1.500 


Wavelength 
variation of 
LD 


AA, = + 10 nm 


0 . OOlA, 


1.411 


AX =-10 nm 


0 . OOlX 


1.586 


Temperature 
change 


AT =+3 0 °C 


0 . OOlX 


1. 562 


At =-3 0 °C 


0 . 008X 


1.438 


Transparent 
substrate 
thickness 
error 


At =+0.02 mm 


0.005?. 


1. 047 


At =-0 . 02 mm 


0 . 005?t 


1. 991 
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[Table 26] 



Example 14 



Factors of spherical 
aberration variation 


Wave front 
aberration 

after 
correction 


6.2 (variable) 


Reference condition 
(A,=405 nm, T=25 °C, t = 0.100 
mm) 


0. OGi;i 


0 .500 


Wavelength 
variation of 
LD 


AX =+10 nra 


0 . ooi;^ 


0 .479 


Ak =-10 nm 


0 .001?. 


0.524 


Temperature 
change 


At =+3 0 °C 


0 .003X 


0 .473 


AT =-3 0 °C 


0 . 004>. 


0 . 524 


Transparent 
substrate 
thickness 
error 


At =+0.02 mm 


0 .006X 


0 .251 


At =-0.02 mm 


0 .007^ 


0 . 772 



[Table 27] 



Example 15 



Factors of spherical 
aberration variation 


Wave front 
aberration 

after 
correction 


do 

(variable) 


d3 

(variable) 


Reference condition 
(/W405 nm, T=25 °C, t=0.100 
mm) 


0.001>. 


6.536 


6.464 


Wavelength 
variation of LD 


AA, =+10 nm 


0 . 001?. 


6.541 


6.459 


Ak, =-10 nm 


O.OOlX 


6.538 


6.642 


Temperature 
change 


AT =+30 °C 


0.003?. 


6.583 


6.417 


At =-30 °C 


0.004?i 


6.488 


6.512 


Transparent 
substrate 
thickness error 


At =+0.02 mm 


0.006?. 


6.317 


6.683 


At =-0.02 ram 


0.007?. 


6.762 


6.238 
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Example 16 



Factors of spherical 
aberration variation 


Wave front 
aberration 

after 
correction 


do 

(variable) 


d3 

(variable) 


Reference condition {h=4:05 
ran, T=:25 °C, t=0.100 ram) 


0.001^ 


11.560 


5.000 


Wavelength 
variation of ID 


^ =+10 nm 


0.002?u 


11.496 


5.064 


AX, =-10 nm 


0.003?i 


11.622 


4.938 


Temperature 
change 


AT =+30 °C 


0.004A, 


11.690 


4.870 


AT =-30 °C 


0.005?c 


11.431 


5.129 


Transparent 
s-ubstrate 
thickness error 


At =+0.02 mm 


0.01i:>l 


11.120 


5.440 


At =-0.02 ram 


0.011?l 


12.025 


4.535 



[Table 29] 



Example 17 



Factors of spherical 
aberration variation 


Wave front 
aberration 

after 
correction 


d2 (variable) 


Reference condition (?.= 4 05 
nm, T=25 ''C, t = 0.100 mm) 


0. 001?c 


1.500 


Wavelength 
variation of 
LD 


AX =+10 nm 


0 . 003X, 


1 - 500 


AX =-10 nm 


0 .003X 


1.492 


Temperature 
change 


AT =+3 0 °C 


o.oosX 


1.795 


AT =-3 0 °C 


0. 005?i 


1.211 


Transparent 
substrate 
thickness 
error 


At =+0.02 mm 


0 . 007;i 


0 .260 


At =-0.02 mm 


0 . OOlX 


2 . 892 
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[Table 30] 



Example 18 



Factors of spherical 
aberration variation 


Wave front 
aberration 

after 
correction 


d2 (variable) 


Reference condition (?l=405 
nm, T=25 "C, t=0.100 mm) 


0.0 01?i 


1.500 


Wavelength 
variation of 
LD 


AX =+10 nm 


0 .002^ 


1.422 


AX =-10 nm 


0 . 003X 


1.577 


Temperature 
change 


AT =+3 0 °C 


0 . 005X 


1.693 


AT =-3 0 °C 


0 .005X 


1.308 


Transparent 
substrate 
thickness 
error 


At =+0.02 mm 


Q.007X 


0 .543 


At =-0.02 mm 


0 .OOlX 


2 .563 


[Table 31] 
Example 19 


Factors of spherical 
aberration variation 


Wave front 
aberration 

after 
correction 


d2 (variable) 


Reference condition (?i=405 
nm, T=25 °C, t=0.100 mm) 


0 . 001?t 


1 .500 


Wavelength 
variation of 
LD 


AX =+10 nm 


0 . 002X 


1.333 


AX =-10 nm 


0 . 002?. 


1 . 657 


Temperature 
change 


At =+3 0 °c 


0 . OOlX 


1 . 726 


At =-3 0 °c 


0 - OOlX 


1.273 


Transparent 
substrate 
thickness 
error 


At =+0 . 02 mm 


o.ooeX 


0 . 186 


At =-0.02 mm 


0.004?, 


2 . 965 
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[Table 32] 



Example 2 0 



Factors of spherical 
aberration variation 


Wave front 
aberration 

after 
correction 


do 

(variable) 


d2 

(variable) 


Reference condition 
(A;=405 nm, T=25 °C, t=0.100 ram) 


0.001?i 


8.188 


4.812 


Wavelength 
variation of ID 


AX. =4-10 nm 


0.004?u 


8.211 


4.789 


Ak =-10 nm 


0.003^ 


8.161 


4.839 


Temperature 
change 


AT =+30 °C 


0.006^ 


8.306 


4.694 


AT =-30 °C 


0.006>„ 


8.071 


4.929 


Transparent 
substrate 
thickness error 


At =+0.02 mm 


0.008?t 


7.941 


5.059 


At =-0.02 mm 


0.006?t 


8.444 


4.556 



[Table 33] 



Example 21 



Factors of spherical 
aberration variation 


Wave front 
aberration 

after 
correction 


do 

(variable) 


d2 

(variable) 


Reference condition 
(X^405 nm, T=25 °C, t=0.100 
ram) 


o.ooiA, 


7.990 


5.O10 


Wavelength 
variation of liD 


AA- =+10 nm 


0.002?l 


7.939 


5.061 


Ak =-10 nm 


0.002A, 


8.039 


4. 961 


Tenperature 
change 


AT =+30 °C 


0.003^ 


8.065 


4.935 


AT =-30 °C 


0.003!^, 


7.914 


5.086 


Transparent 
substrate 
thickness error 


At =+0.02 mm 


0 . 010?i 


7.770 


5.230 


At =-0.02 ram 


0.010?t 


8.216 


4.784 
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[Table 34] 



Example 22 



Factors of spherical 
aberration variation 


Wave front 
aberration 

after 
correction 


62 

(variable) 


d9 

(variable) 


Reference condition 
(A^405 nm, T=25 °C, t=0.100 
rnm) 


0.001?. 


3.000 


0.100 


Wavelength 
variation of LD 


AK =+10 nm 


0.001?L 


2.882 


0.100 


AA, =-10 nm 


0,003?i 


3.115 


0.100 


Temperature 
change 


AT =+30 °C 


0.006X 


3.087 


0.100 


AT =-30 °C 


O.OOBA- 


2.913 


0.100 


Transparent substrate 
thickness change 


0.005>. 


0.528 


0.200 



[Table 35] 



Example 2 2 



Factors of spherical 
aberration variation 


Wave front 
aberration 

after 
correction 


do 
(vari- 
able) 


d2 
( vari - 
able) 


d9 
(vari- 
able) 


Reference condition 
{h=405 nm, T=25 °C, t=0.100 
ran) 


0.005A, 


8.405 


4.595 


0. 100 


Wavelength 
variation of LD 


A?t =+10 nm 


0.004X 


8.429 


4.571 


0. 100 


AX =-10 nm 


0.008>. 


8.379 


4.621 


0. 100 


Temperature 
change 


At =+30 °C 


0.0051 


8.521 


4.479 


0. 100 


AT =-30 °C 


0 . 013X 


8.290 


4.710 


0. 100 


Transparent substrate 
thickness change 


o.oisX 


7.185 


5.815 


0.200 



290 



4803 




291 



4803 




292 



4803 



(Example 24, 25, 26) 

Lens data relating to Examples 24, 25, and 26, are 
respectively shown in Tables 38, 39, and 40. In any one of 
Examples, an objective lens whose NA is 0.85 is obtained by 
combining 2 aspherical surface plastic lenses. 

[Table 38] 
Example 24 



X = 405 nm, NA =0.85 



Surface NO . 




r 

(mm) 


d 

(mm) 




Vd 


1 


Diaphragm 










2 (Aspheric 1) 


Obj ective 
lens 


2 .454 


2 . 850 


1 - 52491 


56 . 5 


3 (Aspheric 2) 


8 . 957 


0 . 100 






4 (Aspheric 3) 


1 . 108 


1 .400 


1-52491 


56 . 5 


5 




0.300 






6 


Transparent 
substrate 




0 . 100 


1.61949 


30.0 


7 




0 . 000 







Aspherical surface coefficient 

Aspherical surface 1 Aspherical surface 2 

K -1.4194E-01 K 3.7095E+01 

A4 -2.2034E-03 A4 7.5947E-03 

As 1.5180E-04 As -9.4569E-03 

As -2.5653E-04 Ag -2.6912E-03 

Aio -3.5698E-05 Aio 4.7391E-03 

A12 2.1881E-06 A12 -1.9974E-03 

Ai4 8.7335E-06 
A16 -1.9481E-06 

Aspherical surface 3 
K -7.1132E-01 
A4 6.5324E-02 
As -1-5684E-02 
Ag 5.4690E-02 
Aio -1.9670E-02 
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[Table 39] 
Example 25 



X =405 nm, NA =0.85 



Surface NO . 




r 
(mm) 


d 
(mm) 




Vd 


1 


Diaphragm 










2 (Aspheric 1) 


Objective lens 


2 . 074 


2.400 


1.52491 


56.5 


3 (Aspheric 2 ) 


8 . 053 


0 . 100 






4 (Aspheric 3 ) 


0 . 863 


1 . 100 


1 .52491 


55.5 


5 




0 .240 






€ 


Transparent 
substrate 




0 . 100 


1. 61949 


30 . 0 


7 




0 . 000 







Aspherical surface coefficient 



Aspherical surface 1 


Aspherical 


surface 2 


K -1.2955E-01 


K 


4 .7554E + 01 


A4 -3.7832E-03 


A4 


1 . 3641E-02 


Ae 5.1667E-04 


As 


2 . 9201E-02 


As -1.1780E-03 


As 


9 .3339E-03 


Aio -2.0628E-04 


Aio 


3 . 3011E-02 


A12 2.5941E-05 


Ai 


2 .2626E-02 


Ai4 1.4917E-04 






A16 -5.1578E-05 







Aspherical surface 3 



K -7.1425E-01 

A4 1.3647E-01 

As -5.3414E-02 

As 3.0269E-01 

Aio -1.6898E-01 
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[Table 40] 
Example 2 6 



A, =405 nm, NA =0 . 85 



Surface NO. 




r 
(mm) 


d 
(mm) 




Vd 


1 


Diaphragm 










2 (Aspheric 1) 


Objective lens 


1.776 


2 . 000 


1.52491 


56.5 


3 (Aspheric 2 ) 


7 . 120 


0 . 100 






4 (Aspheric 3 ) 


0 . 975 


1 . 100 


1.52491 


56 .5 


5 




0 .253 






6 


Transparent 
substrate 




0 .100 


1 . 61949 


30.0 


7 




0.000 







Aspherical 


surface 


coefficient 








Aspherical 


surface 


1 


Aspherical 


surface \ 


K 


1 . 8058E- 


01 


K 


3 


. 3791E+01 


A4 


5 . 9021E- 


03 


A4 


2 


1872E-02 


Ae 


1 . 2566E- 


03 


Ae 


-2 


4130E-02 


As 


1 . 6003E- 


03 


As 


-1 


2718E-02 


Aio 


4 . 1637E- 


04 


Aio 


2 


2673E-02 


A12 


3 . 3619E- 


05 


A12 


-1 


3767E-02 


Ai4 


1 . 7795E- 


04 








Ais 


6 . 6205E- 


05 








Aspherical 


surf ace 


3 









K -7.7858E-01 

A4 1.2025E-01 

As -5.8633E-02 

Ag 1.9722E-01 

Aio -1.1463E-01 

Relating to each examples 24, 25 and 26, the optical 
path views are shown in Fig. 50, Fig. 52 and Fig. 54, and the 
spherical aberration views and astigmatism views are 
respectively shown in Fig. 51, Fig. 53 and Fig. 55. The 
plastic material is polyolefin series resin, and the specific 
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gravity is about 1.0, and the saturated water absorption is 
not larger than 0.01 %, and as the result, the weight is 
smaller than half of the weight of the objective lens in 
which 2 glass lenses are combined, and although the NA is 
0.85 which is large, about 0.02 to 0.04 g (not including the 
lens frame) can be realized. As shown in each of Tables 38 
to 40, the first surface to the third surface are aspherical. 
Further, although the objective lens is 2 lens composition 
and NA is 0.85 Which is large, the working distance is 
largely secured. 

Further, the values of the wave front aberration at the 
reference condition (temperature 25 °C, wavelength 405 nm) 
and the temperature change of ± 30 °C and wavelength change 
of +10 nm, of each of examples 24, 25 and 26, are shown in 
Table 42. As can be seen from this table, although the 
objective lens is formed of the plastic material whose NA is 
0.85 and large in any one of examples, the deterioration of 
the wave front aberration at the temperature change and the 
wavelength change is very small. Where, the wavelength 
change of the light source at the temperature change is 
defined as +0.05 nm/°C and the refractive index of the 
plastic material at the temperature change is defined as - 
12xlO"'^/°C. Further, the values relating to the above- 
described conditional expressions (9) to (14) are as shown in 
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Table 41. In the lens data in the table and the view, there 
is a case where the exponent (for example, 2.5 x 10'^) is 
expressed by using E (for example, 2.5 x E-3) . 
[Table 41] 

Example table 



Example 


24 


25 


26 


27 


28 


29 


f (ttto) 


2.20 


1.76 


1.76 


1.76 


1.76 


1.88 


NA 


0.85 


0.85 


0.85 


0.85 


0.85 


0.80 


X. (nm) 


405 


405 


405 


405 


405 


405 


4WD (mm) 


0.30 


0.24 


0.25 


0.10 


0.28 


0.15 


ENP (mm) 


3.74 


3.00 


3.00 


3.00 


3.00 


3.00 


WD/ENP 


0.08 


0.08 


0.08 


0.03 


0.09 


0.05 


WD/f 


0.14 


0.14 


0.14 


0.06 


0.16 


0.08 


fl/f2 


2.65 


2.85 


2.15 


0.73 


5.01 


2.48 


(r2+rl)/(r2-rl) 


1.75 


1.69 


1.66 


0.65 


2.59 


1.34 


(Xl'-X3')/( (NA)^-f) 


-0.02 


-0.03 


-0.01 


0.04 


-0.06 


-0.02 


f •?t-Z(n/ (M-p2) ) 















297 



4803 



[Table 42] 

Wave front aberration at the temperature change and 
wavelength change 



Example 


24 


25 


26 


Reference condition 
(T =25 °C, X =405 nm) 


0 .004^ 


0 . 004^ 


0 . 003A. 


At =+30 °C 


0 . 019X 


0 . oiv:^ 


0 . 009^ 


At =-3 0 °C 


0 . 019?i 


0 . 015A, 


0 . OlsA. 


AA, = + 10 nm 


0 . oosA, 


0 . 008?^ 


0 . 002A 


AX, =-10 nm 


0.008?. 


0 . 007A, 


0. 008A 



(Examples 27, 2 8 and 29) 

An optical path diagram is shown in each of Figs. 56, 
5 8 and 6 0 and a spherical aberration diagram and an 
astigmatism diagram are shown in each of Figs. 57, 59 and 61, 
for each of Examples 27, 28 and 29. Values of each 
conditional expression are shown in Table 36. Plastic 
materials are olefin resins whose specific gravity is about 
1.0 and saturated coefficient of water absorption is 0.01% or 
less, and as a result, it was possible to make the weight of 
the objective lens to be not more than a half of the weight 
of an objective lens wherein two glass lenses are cemented, 
and the weight of about 0.02 - 0.04 g (including no lens 
frame) was realized despite large NAs of 0.85 and 0.80. As 
is shown in each of Tables 43 - 45, an aspheric surface is 
provided on each of the first - third surfaces. Further, a 
large working distance is secured in spite of the objective 
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lens having the two-element str-ucture and large NAs 0.85 and 
0.80. 
[Table 43] 
Example 2 7 



NA 0.85, 



1.76, X 



Surface No . 


Remarks 


r (mm) 


d (mm) 




Vd 


0 


Diaphragm 




0 . 000 






1 (Aspheric 1) 


Obj ective 
lens 


1.464 


1 . 930 


1 . 52491 


56 .5 


2 (Aspheric 2) 


-6 . 976 


0 . 100 






3 (Aspheric 3) 


1.532 


1 . 100 


1.52491 


56.5 


4 


7 . 612 


0 . 103 






5 


Trans- 
parent 
substrate 




0 . 100 


1 . 61950 


30 . 0 


6 











Aspherical surface coefficient 

Aspherical surface 1 Aspherical surface 2 Aspherical surface 3 



K=-3 . 15621E-01 
A4=-7 .42369E-03 
A6=-l . 28636E-03 
A8=-1.53410E-03 
Aio=-1.08655E-04 
Ai2=-5.15232E-06 
Ai4 = l . 89150E-05 
Ais=-3 . 48696E-05 



K=-l. 96646E+02 
A4=9 . 81444E-03 
A6=-2 . 35743E-03 
A8=2 . 70656E-04 
Aio=-3 . 91136E-03 
Ai2=l . 65621E-03 



K=-2 . 18891E+00 
A4=8 . 91751E-02 
A6=-7 . 91219E-G2 
A8=l. 08852E-01 
Aio=-5.75598E-02 
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[Table 44] 
Example 2 8 



NA 0.85, 



Surface No. 


Remarks 


r (mm) 


d (mm) 




Vd 


0 


Diaphragm 




0 . 000 






1 (Aspheric 1) 


Obj ective 
lens 


2 . 658 


2 . 750 


1.52491 


56 . 5 


2 (Aspheric 2) 


5 . 997 


0 .300 






3 (Aspheric 3 ) 


0 . 742 


1 . 100 


1 . 52491 


56 .5 


4 




0 .276 






5 


Trans- 
parent 
substrate 




0 . 100 


1 . 61950 


30 . 0 


6 











Aspherical surface coefficient 

Aspherical surface 1 Aspherical surface 2 Aspherical surface 3 



K=1.02398E-01 
A4=6 . 92273E-04 
A6=l . 80384E-03 
A8=-1.95638E-03 
Aio=1.17276E-04 
Ai2=l .46133E-04 
Ai4 = 9 . 36437E-06 
Ai6=-1. 65788E-05 



K=-4 . 87682E+00 
A4=3 .27502E-02 
A6=-l . 27613E-02 
A8=4.38628E-03 
Aio = -6 . 76883E-03 
Ai2=l . 04086E-03 



K=-7 . 86356E-01 
A4=l . 95462E-01 
A6=-8 .49504E-02 
Ag=5.21150E-01 
Aio=-2 .22948E-01 



[Table 45] 
Example 2 9 



NA 0.80, f = 1.88, X = 405 nm 



Surface No. 


Remarks 


r (mm) 


d (mm) 




Vd 


0 


Diaphragm 




0 . 000 






1 (Aspheric 1) 


Objective 
lens 


2.208 


2 .500 


1 . 52491 


56 .5 


2 (Aspheric 2) 


15 .380 


0 . 100 






3 (Aspheric 3 ) 


0 . 976 


1.300 


1 .52491 


56 .5 


4 




0 . 189 






5 


Trans- 
parent 
substrate 




0 . 100 


1.61950 


30 . 0 


6 
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Aspherical surface coefficient 

Aspherical surface 1 Aspherical surface 2 Aspherical surface 3 

K=-2 .33581E-01 K=1.13940E+02 K=-9 . 50388E-01 

A4=-2 .43201E-03 A4=l . 3 6 9 12E- 0 2 A4=l . 3 044 7E- 0 1 

A6=l. 12674E-03 A6= - 9 . 93 3 18E- 03 A6= - 1 . 13 223E- 0 2 

A8=-l . 07623E-03 A8= - 8 . 94 324E- 03 A8=l . 3 674 8E- 0 1 

Aio=-1.20538E-05 Aio=l . 2 8 83 9E- 02 Aio= - 5 . 56 816E- 02 

Ai2=7.71852E-05 Ai2=-5 . 63917E-03 
Ai4 = l . 15301E-05 
Ai6=-9 . 32159E-06 



Next, an optical pick-up apparatus as the embodiment 
according to the present invention will be described 
referring to Fig. 47. 

The optical pick-up apparatus in Fig. 47 is provided 
with an objective lens 1 of 2 elements in 2 groups 
composition in which the plastic lens la and lb according to 
the present invention are integrally held by a holding member 
Ic, and the semiconductor laser 3 which is a light source, 
the coupling lens 2 by which the diverging angle of the 
divergent light emitted from the light source 3 is converted, 
and the light detector 4 by which the reflected light from 
the information recording surface 5 of the optical 
information recording medium is received. The objective lens 
1 converges the light flux from the coupling lens 2 onto the 
information recording surface 5 of the optical information 
recording medium. 
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from the information recording surface 5 is separated toward 
the light detector 4, and a 1/4 wavelength plate 7 arranged 
between the coupling lens 2 and the objective lens 1, a 
diaphragm 8 placed in the front of the objective lens 1, a 
cylindrical lens 9, and a 2 axis actuator 10 for focusing • 
tracking. That is, in the present embodiment, the light 
converging optical system has the beam splitter, coupling 
lens, 1/4 wavelength plate, objective lens, and diaphragm. 
In this connection, in the present embodiment, it may be 
allowable to regard the beam splitter as it is not included 
in the light converging optical system. 

Further, the objective lens 1 has a flange portion Id 
having the surface extending to the perpendicular direction 
to the optical axis on the outer periphery of the holding 
member Ic. By this flange portion Id, the objective lens 1 
can be mounted to the optical pick-up apparatus with good 
accuracy . 

Then, the coupling lens 2 may be a collimator lens by 
which the incident divergent light flux is converted into 
almost parallel light flux to the optical axis. In this 
case, it is desirable that the light source 3 or collimator 
lens 2 can be adjusted by moving to the optical axis 
direction of the collimator lens so that the outgoing light 
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flux from the collimator lens is in almost parallel light 
beams . 

As described above, the optical pick-up apparatus of 
the present invention may be structured by a collimator lens 
to convert the divergent light flux from the light source to 
almost parallel right beams, and the objective lens to 
converge the parallel light beams onto the information 
recording surface, or may be structured by the coupling lens 
which is a conversion lens to converse the divergent light 
flux to the divergent light flux or converging light flux by 
changing an angle of the divergent light flux from the light 
source, and the objective lens to converge the light flux 
from the coupling lens onto the information recording 
surface. Further, it may be structured by only the objective 
lens (finite conjugate type objective lens) to converge the 
light flux from the light source onto the information 
recording surface - 

Then, when the objective lens according to the present 
invention is used for such the optical pick-up apparatus, the 
optical pick-up apparatus for the optical disk which can 
conduct the recording and reproducing with high density, can 
be obtained. 

Next, in Fig. 48, the optical pick-up apparatus in 
which a one axis actuator to displace the coupling lens as 
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the spherical aberration correction means along the optical 
axis direction, is provided in the optical pick-up apparatus 
in Fig. 47, is shown. 

As shown in Fig. 48, by the one axis actuator 11 as the 
displacement apparatus, when the coupling lens is displaced 
in the optical axis direction by an adequate amount, and the 
divergent angle of the light flux incident on the objective 
lens 1 is changed, the variation of the spherical aberration 
generated in the optical system can be cancelled. Further, 
when the oscillation wavelength of the semiconductor laser 3 
of the light source is varied, when the temperature or 
humidity is changed, or when the spherical aberration is 
generated in the optical system due to the thickness error of 
the protective layer of the optical information recording 
medium, by displacing the coupling lens 2 by an adequate 
amount in the optical axis direction by the one axis actuator 
11, and by changing the divergent angle of the light flux 
incident on the objective lens 1, the variation of the 
spherical aberration generated in the optical system can be 
cancelled . 

In the present embodiment, an optical surface on at 
least one side of coupling lens 2 is provided thereon with a 
diffractive pattern of almost concentric circles on an 
optical axis. Incidentally, the diffractive pattern of 
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almost concentric circles may either be provided on both 
surfaces of the coupling lens 2, or be provided on at least 
one optical surface of the objective lens. Though the 
diffractive pattern of the coupling lens 2 is made to be in a 
shape of concentric circles which are almost concentric with 
an optical axis, a diffractive pattern other than this 
diffractive pattern may also be provided. Owing to the 
diffractive pattern that is almost in a shape of concentric 
circles and is provided on the optical surface of the 
coupling lens 2, there is generated axial chromatic 
aberration whose polarity is opposite to that of the 
objective lens 1 and absolute value is almost the same, for 
generated wavelength of semiconductor laser 3. Therefore, a 
light flux emitted from the semiconductor laser 3 is 
converged on information recording surface 5 of an optical 
disk to be almost free from axial chromatic aberration, by 
passing through the coupling lens 2 and the objective lens 1. 

As described above, according to the invention 
described in (1) to (18) , coping with an increasing of the 
numerical aperture (NA) , although it is the high perf or-mance 
objective lens, the objective lens which is low cost and 
light weight in the same manner as the conventional single 
lens, can be provided. 
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Further, according to the invention described in (19) 
to (25), even when it is the high NA objective lens composed 
of 2 positive lenses formed of the plastic material, the 
objective lens for the recording and/or reproducing of the 
optical information recording medium in which the applicable 
temperature range is large, can be provided. 

Further, according to the invention described in (26) 
to (32) , even when it is the high NA objective lens composed 
of 2 positive lenses, the objective lens for the recording 
and/or reproducing of the optical information recording 
medium which is small diameter and the working distance is 
large, can be provided. 

Further, according to the invention described in (54) 
to (63) , the coupling lens whose structure is simple and low 
cost, by which the axial chromatic aberration generated in 
the objective lens due to the mode hop phenomenon of the 
laser light source or the high frequency superimposi t ion can 
be corrected, can be provided. 

Further, according to the invention described in (33) 
to (53) and (74) , the light converging optical system and the 
optical pick-up apparatus in which the variation of the 
spherical aberration generated in each of optical surfaces of 
the optical pick-up apparatus due to the oscillation 
wavelength change of the laser light source, temperature • 
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humidity change, and error of the thickness of the 
transparent substrate of the optical information recording 
medium, can be effectively corrected by a simple structure, 
can be provided. 

Further, according to the invention described in (64) 
to (68) and (74), the light converging optical system and 
optical pick-up apparatus by which the axial chromatic 
aberration generated in the objective lens due to the mode 
hop phenomenon of the laser light source or the high 
frequency superiraposit ion can be effectively corrected, can 
be provided. 

Further, according to the invention described in (69) 
to (73) and (74) , when the short wave laser light source and 
high numerical aperture objective lens are provided, the 
light converging optical system and the optical pick-up 
apparatus by which the information recording or reproducing 
onto the optical information recording medium having a 
plurality of recording layers with the transparent substrate 
among them can be carried out, can be provided. 

Referring to the drawings, embodiments 2-1 to 2-4 
according to the present invention will be described below. 
(Embodiment 2-1) 

The objective lens according to the embodiment 2-1 is 
used for the recording and/or reproducing of the information 
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of the optical information recording medium, and is the 
objective lens of NA 0.85 which is formed of the plastic 
material and composed of 2 positive lenses arranged in order 
from the light source side, and the reference wavelength is 
respectively 405 nm, the entrance pupil diameter is 
respectively 3.00 mm, and each lens has the ring-shaped 
diffractive structure on at least one surface, and by 
satisfying the above expression (32) , the deterioration of 
the wave front aberration at the temperature change is 
reduced. 

The spherical aberration views of 3 kinds of objective 
lenses when the temperature rises by + 30 °C from the 
reference temperature (+ 2 5 °C) are shown in Fig. 62. The 
values of the expression (32) are respectively, (a) 0.05, (b) 
0.10 (the present embodiment), (c) 0.15. In the case of (a) 
which is the lower limit of the expression (32) , the th-ird 
order spherical aberration in the under corrected direction 
is largely generated at the time of the temperature rise, 
however, because the generation of the high order spherical 
aberration with the reversal polarity to that, is small, the 
spherical aberration of the marginal ray becomes under 
corrected. In the case of (c) which is the upper limit of 
the expression (32) , although the third order spherical 
aberration in the under corrected direction is slightly 
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generated at the time of the temperature rise, because the 
generation of the high order spherical aberration with the 
reversal polarity to that, is large, the spherical aberration 
of the marginal ray becomes over corrected. 

In contrast to that, in the case of (a) which is the 
most preferable condition of the expression (32) , the 
generation amount of the third order spherical aberration at 
the time of temperature rise, and the generation amount of 
the high order spherical aberration with the reversal 
polarity to that, are well balanced, and on the whole, the 
spherical aberration becomes almost full correction type 
spherical aberration. In this connection, the change amount 
of the refractive index to the temperature change of tiie 
plastic material is defined as -12 x 10'^/ °C, and the 
variation amount of the oscillation wavelength to the 
temperature change of the blue violet semiconductor is 
defined as + 0.05 nm/°C . 
(Embodiment 2-2) 

The objective lens according to the embodiment 2-2 is 
an objective lens used for the recording and/or reprodu-cing 
of the information of the optical information recording 
medium, and the objective lens formed of the plastic ma.terial 
of the 2 group 2 lens composition whose NA is 0.85. The 
focal distance is 1.765 mm, and the reference wavelength is 
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405 nm, and the diffracting action of the ring-shaped 
diffractive structure provided on at least one surface and 
the refractive action as the refractive lens are combined, 
and thereby, the axial chromatic aberration is corrected. 
The chromatic aberration over correction type objective lens 
(a) has, when the diffracting action as the diffractive lens 
and the refractive action as the refractive lens are 
combined, the axial chromatic aberration characteristic in 
which the back focus is changed to the direction in which it 
is decreased when the wavelength of the light source is 
shifted to the long wavelength side, and when the above- 
described expression (34) is satisfied, the movement of the 
position of the best image plane when the wavelength of the 
light source is minutely varied, is suppressed to small, and 
it is a lens in which deterioration of the wave front 
aberration at the time of the high frequency superimpos ition 
or the mode hop is small. In contrast to that, the chromatic 
aberration perfect correction type objective lens (b) 
suppresses the deterioration of the wave front aberration at 
the time of the high frequency superimposition or the mode 
hop to small, when, in addition to the correction of the 
axial chromatic aberration, the deterioration of the 
spherical aberration at the time of the wavelength change is 
almost perfectly corrected. 
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Fig. 63 is the spherical aberration views of the 
chromatic aberration over correction type objective lens (a) 
according to the present embodiment, and the chromatic 
aberration perfect correction type objective lens (b) . Both 
are, in the cases where the shift amount of the wavelength 
{K) at the time of the mode hop of the blue violet 
semiconductor laser is presumed as +1 nm, although both of 
the wave front aberrations at the time of the mode hop of the 
objective lens of the chromatic aberration over correction 
type and the objective lens of the chromatic aberration 
perfect correction type are 0.005 X, (in this connection, the 
defocus component is included) , the minimum value of the ring 
band interval of the diffractive structure in the effective 
diameter of the objective lens of the chromatic aberration 
perfect correction type is 4.8 jxm, and in contrast to that, 
in the objective lens of the chromatic aberration over 
correction type, it can be 7.1 jj,m. 

In this connection, the changing amount ACA of the 
axial chromatic aberration is, when the wavelength of the 
light source is shifted by +10 nm to the long wavelength 
side, in the spherical aberration view of the objective lens 
(a) of the chromatic aberration over correction type in Fig. 
63, shown by the movement width of the lower end of the 
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spherical aberration curve of 405 nm and 415 nm, and the 
movement direction is, by the shift of the wavelength of the 
light source to the long wavelength side, the direction in 
which the back focus is decreased. Further, the changing 
amount ASA of the spherical aberration of the marginal ray- 
source is shown by the width between the upper end of the 
spherical aberration curve of 405 nm when the spherical 
aberration curve of 4 05 nm is parallely moved to the position 
in which its lower end is overlapped with the lower end of 
the spherical aberration curve of 415 nm, and the upper end 
of the spherical aberration curve of 415 nm. 

Further, referring to Fig. 64 and Fig. 65, the 
theoretical analysis of the reason in which the minimum ring 
band interval of the objective lens of the chromatic 
aberration over correction type is larger than that of the 
chromatic aberration perfect correction type, will be 
described below. 

The coordinate system in which the central position of 
the exit pupil is the origin, as shown in Fig. 64 is 
presumed. The h axis is set to the direction perpendicular 
along the optical axis and the z axis is set to the optical 
axis. The image plane at reference wavelength is at + R 
along the z axis {optical axis) from the center of the exit 
pupil, and the refractive index of the image space is (defined 
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as n. Further, the chromatic aberration in the lateral 
direction at the image plane at the reference wavelength of 
the light beam of the wavelength sifted from the reference 
wavelength is defined as Ah, and the chromatic aberration in 
the longitudinal direction corresponding to that, is defined 
as Az . 

Between the chromatic aberration Ah in the lateral 
direction and the optical path difference function <l>(h) 
added to the wave front by the diffracting action of the 
diffractive structure, there is the next relationship. 
Ah = (R/n) - (dO/dh) (84) 
Further, between the chromatic aberration Ah in the 
lateral direction and the chromatic aberration Az in the 
longitudinal direction, because the relationship of Az = 
(R/n) • Ah is established, the expression (84) can be 
expressed by 

Az = (RVn) • (1/h) • (dO/dh) . (85) 
In the case where, by the diffracting action, when the 
chromatic aberration when the wavelength is shifted from the 
reference wavelength to the short wavelength side, is 
corrected so as to be the chromatic aberration over 
correction type (a) , the spherical aberration curves before 
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the correction, and after the correction are as shown in Fig. 
65 (a) . The axial chromatic aberration is made over 
corrected, and the spherical aberration curve of the 
reference wavelength and the spherical aberration curve on 
the long wavelength side are crossed, and, for the 
simplification, the cross point of the spherical aberration 
curve of before the correction and the optical axis is made 
the origin, and the axial chromatic aberration before the 
correction is 0, the axial chromatic aberration (ACA) after 
the correction is + 28, the axial chromatic aberration at the 
reference wavelength is + e, and the changed amount (ASA) of 
the spherical aberration of the marginal ray after the 
correction is defined as - 2e. 

The optical path difference function 0(a) (h) of the 
chromatic aberration over correction type is expressed by 

<l)(a)(h) = ba • h^ + b4 • h\ (86) 

Where, the optical path difference function is made to 
fourth- order term of h. When the expression (86) is 
substituted into the expression (85) , and for the 
simplification, when 

R =1 and n =1 , Az 2 • ba + 4 • b4 • h^ . (87) 
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When h = 0, Az = 2e, and when h = hMAx, Az =0, then, 
=e, and b4 = -e/ (2 • hi^Ax^) , and the expression (86) is 
expressed by 

<5(a) = E • h^ - e/(2 • hwAx") • h\ (88) 
Further, in the case where the chromatic aberration 
when the wavelength is shifted from the reference wavelength 
to the short wavelength side, is corrected so as to be the 
chromatic aberration perfect correction type, the spherical 
aberration curves before the correction and after the 
correction are as shown in Fig. 65(b) . For the 
simplification, the cross point of the spherical aberration 
curve of before the correction and the optical axis is made 
the origin, and the axial chromatic aberration before the 
correction is 0, the axial chromatic aberration (ACA) after 
the correction is + 8, and the changed amount (ASA) of the 
spherical aberration of the marginal light beam after the 
correction is defined as 0 . In the case of the chromatic 
aberration perfect correction type, because Az e without 
depending on the value of h, by the expression (85) , the 
optical path difference function <I>(b) (h) satisfies the 
differential equation of d<I>(b) (h) = (n - e/R^) • h • dh. 

(89) It is integrated by h, and when R =1, and n =1, 
then, d<I>(b) (h) = (8/2) • h^ . (90) 
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Between the optical path difference function 0(h) and 
the interval P of the ring band measured in the direction 
perpendicular to the optical axis, the next relationship is 
established . 

P - I V (d^(h) /dh)| (91) 

Herein, when the optical path difference functions are 
respectively 0(a) (h) and 3)(b) (h) , the minimum value of P is 
found . 

When P has the minimum value, from the expression (91) , 
it is the case at which | (d<E> (h) /dh) | has the maximum value. 

In the case of 0{a) (h) , from the expression (88) , 
because dO(a)(h)/dh =2 • e • h -2 • e/hwAx^ • h^, the time at 
which d<I>(a) (h) /dh has the maximum value, is the case where 
d/dh (d<I>(h)/dh) = 2 • e - 6 • e/h^^^ • h^ = 0 is established. 

Accordingly, when h = hwAx/v^ 3, because <I>(a)(h)/dh has 
the maximum value dO^) (hwAx//" 3)/dh = 4 ■ /' 3/9 • e • hwAx , the 
minimum value of P becomes P(a)MiN = 

9/ (4 • /'3) • V(e • h„Ax) = 
1.3 • V (e • hwAx) - (92) 

On the one hand, in the case of <l)(b) (h) , from the 
expression (90), because dO(b) (h) /dh = e • h, dO{b)(h)/dti has 



316 



4803 



the maximum value dO (b) (Iimax) /cih = 8 • h„Ax at the time of h = 

h-MAX • 

Accordingly, the minimum value of P is P{b)MiN = A, (8 • 
hMAx) . (93) 

From the expression (92) and the expression (93) , P(a)MiN 
> P(b)MiH (94) is established, therefore, the minimum ring band 
interval of the objective lens of the chromatic aberration 
over correction type is larger than that of the chromatic 
aberration perfect correction type. 

In this connection, the drawing in which the expression 
(88) of the optical path difference function in the case of 
the chromatic aberration over correction type (a) and the 
expression (90) of the optical path difference function in 
the case of the chromatic aberration perfect correction type 
(b) are plotted, is Fig. 66. Where, the axis of abscissa is 
O (h) (mm) , and the axis of ordinate is h (mm) . 
(The embodiment 2-3) 

The light converging optical system according to the 
embodiment 2-3 is a light converging optical system for the 
recording and/or reproducing the information of the optical 
information recording medium, including the objective lens 
for light converging the luminous flux emitted from the light 
source onto the information recording surface of the optical 



317 



4803 



information recording medium, and when it has a spherical 
aberration correction means for correcting the minute 
variation of the transparent substrate of the information 
recording medium, the minute variation of the oscillation 
wavelength of the light source, or the variation of the 
spherical aberration generated on each optical surface of the 
light converging optical system due to the temperature 
humidity change or due to these combination, the light 
converging optical system in which the light converging 
characteristic is always fine, can be obtained. 

As the spherical aberration correction means, an 
example of the light converging optical system using the 
element whose refractive index distribution is variable, is 
shown in Fig. 67. As shown in Fig. 67, between the objective 
lens and the collimator lens, a refractive index distribution 
variable element 21 whose refractive index distribution is 
variable, is arranged. 

As the refractive index distribution variable element 
21, as shown in Fig. 67, the element in which, for example, 
the optically transparent electrode layers a, b, and c which 
are electrically connected with each other, and the 
refractive index distribution variable layers d and e 
electrically insulated from the electrode layers a, b a-nd c, 
in which the refractive index distribution is changed 
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corresponding to thee applied voltage, are alternately 
laminated, and the optically transparent electrode layers a, 
b, and c are divided into a plurality of ranges, can be used. 

In Fig. 67, when the variation of the spherical 
aberration is detected, the voltage is applied on the 
electrode layer s a, b, and c by the drive means 2 2 of the 
refractive index distribution variable element 21, and the 
refractive indexes of the refractive index distribution, 
variable layers d and c are changed corresponding to the 
position, and the phase of the emitted light from the 
refractive index distribution variable element 21 is 
controlled so that variation of the spherical aberration is 
zero . 

An example of another refractive index distribution 
variable element is shown in Fig. 68. The refractive index 
distribution variable element 23 in Fig. 68 has a liquid 
crystal element 23a in which the liquid crystal molecule is 
arranged properly in an arbitrary X direction in the surface 
perpendicular to the optical axis, and a liquid crystal 
element 23b in which the liquid crystal molecule is arr-anged 
properly in Y direction perpendicular to the X direction in 
the surface perpendicular to the optical axis. The liquid 
crystal element 23a and the liquid crystal element 23b are 
alternately laminated with the glass substrate 23c between 
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them, and the 1/2 wavelength plate 23d is arranged between 
inside glass substrates 23c. 

In Fig. 68, when the variation of the spherical 
aberration is detected, by applying the voltage from the 
drive means 22 onto respective the liquid crystal element 2 3a 
and the liquid crystal element 23b of the refractive index 
distribution variable element 23, when the X direction 
component and the Y direction component of the phase of the 
emitted light from the refractive index distribution variable 
element 23 are independently controlled, the variation of the 
spherical aberration is corrected. 

By the refractive index distribution variable elements 
21 and 23 shown in Fig. 67 and Fig. 68, when the 
distribution of the refractive index is generated by the 
voltage application and the variation of the spherical 
aberration is corrected, the light converging optical system 
which has no moving part and is mechanically simple, can be 
structured . 
(The embodiment 2-4) 

Fig. 69 is a view generally showing the optical pick-up 
apparatus according to the embodiment 2-4. The optical pick- 
up apparatus shown in Fig. 69 has: an objective lens 1 of 2 
elements in 2 groups; a semiconductor laser 3 as the light 
source, a coupling lens of 1 element in 1 group composition 
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to change the divergent angle of the divergent light emitted 
from the light source 3; and an optical detector 4 to receive 
the reflected light from the information recording surface 5 
of the optical information recording medium. The 
semiconductor laser 3 generates the laser light of the 
wavelength of not larger than 500 nm, and the reproduction of 
the information which is recorded onto the information 
recording surface 5 with the higher density than the 
conventional optical information recording medium, and/or the 
recording onto the information recording surface 5 with the 
higher density than the conventional optical disk, can be 
conducted. 

The objective lens 1 shown in Fig. 6 9 is composed of 
the first lens la and the second lens lb which are formed of 
the plastic material, and the first surface is formed to the 
diffractive surface, and the axial chromatic aberration and 
the spherical aberration are corrected. The first lens la 
and the second lens lb are integrated by a holding member Ic . 
By a flange portion Id of the holding member Ic, the 
objective lens 1 can be attached onto the optical pick-up 
apparatus with good accuracy. 

The optical pick-up apparatus shown in Fig. 6 9 further 
has: a polarizing beam splitter 5 which separates the 
reflected light from the information recording surface 5 
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toward the optical detector 4; a 1/4 wavelength plate 7 
arranged between the coupling lens 2 and the objective lens 
1; an aperture 8 arranged before the objective lens 1; a 
light converging lens 9; and a 2-axis actuator 10 for 
focusing and tracking. Further, as the spherical aberration 
correction means, the coupling lens 2 and a one-axis actuator 
11 for moving the coupling lens 2 along the optical axis are 
provided. The light converging optical system in the present 
embodiment has: the light source; the beam splitter; the 
coupling lens; the 1/4 wavelength plate; the objective lens; 
and the aperture. In this connection, in the present 
embodiment, it may also be regarded that the beam splitter is 
not included in the light converging optical system. 

The reproduction of the information from the 
information recording surface 5 of the optical information 
recording medium will be described below. The divergent 
light emitted from the semiconductor laser 3, whose divergent 
angle is changed by the coupling lens 2, is converged onto 
the information recording surface 5 of the optical 
information recording medium by the objective lens 1 through 
the 1/4 wavelength plate 7 and the aperture 8, and the 
luminous flux modulated by the information pits on this 
information recording surface 5, is incident on the optical 
detector 4 through the objective lens 1, aperture 8, 1/4 
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wavelength plate 1 , coupling lens 2, polarizing beam splitter 
6, and light converging lens, and by the output signal 
generated thereby, the information recorded on the 
information recording surface of the optical information 
recording medium can be reproduced. 

At the time of the reproduction of the information as 
described above, when the spherical aberration variation is 
generated on each optical surface of the light converging 
optical system due to the variation of the transparent 
substrate of the optical information recording medium, or 
minute variation of the oscillation wavelength of the 
semiconductor laser 3, by moving the coupling lens 2 by the 
one-axis actuator 11 along the optical axis direction by an 
appropriate amount, and by changing the divergent angle of 
the luminous flux incident on the objective lens 1, the 
spherical aberration generated on each optical system of the 
light converging optical system can be corrected. 

Next, referring to fig. 70, another optical pick-up 
apparatus will be described. The objective lens 1 in Fig. 70 
is formed of the plastic material, and has the structure of 2 
elements in 2 groups, and the first surface is formed to the 
diffractive surface and the axial chromatic aberration is 
corrected, and further, the aberration deterioration at the 
temperature change is suppressed to small. Further, the 
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optical pick-up apparatus in Fig. 70 has, as the spherical 
aberration correction means, a beam expander 12 composed of 
the positive lens 12a and the negative lens 12b, and a one- 
axis actuator 11 which can move the negative lens 12b along 
the optical axis direction. In Fig. 70, the coupling lens 2 
and the 1/4 wavelength plate 7 are arranged between the 
semiconductor laser 3 and the polarizing beam splitter 6. 

According to the optical pick-up apparatus in Fig. 70, 
in the same manner as in Fig. 69, in the case where the 
spherical aberration is generated on each optical surface of 
the light converging optical system due to the temperature 
humidity change of the apparatus environment, the variation 
of the transparent substrate thickness of the optical 
information recording medium, or the minute variation of the 
oscillation wavelength of the semiconductor laser 3, when the 
negative lens 12b of the beam expander 12 is moved along the 
optical axis direction by the one- axis actuator 11 by an 
appropriate amount, and the divergent angle of the luminous 
flux incident on the objective lens 1 is changed, the 
spherical aberration generated on each optical surface of the 
light converging optical system can be corrected. 

In this connection, as the spherical aberration 
correction means, the refractive index distribution variable 
element 21 or 23 shown in Figs. 67 and 68 may be used. 
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Examples 

Next, objective lenses and light converging optical 
systems of examples 2-1 to 2-8 according to the present 
invention will be described. A list of examples 2-1 to 2-8 
will be shown in Table 46. 
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The list of examples 

In each example, the optical path difference function 
expressing the diffractive surface provided on each lens is 
expressed by the expression (A) and the aspherical surface is 
expressed by the next expression (B) . 

X = (hVr)/{l + - (1 +k) (hVr'))} + A4h* + Agh^ + 

(B) 

Where, A4 , A6 , ... ; aspherical surface coefficient, K; 
conical coefficient, r; paraxial radius of curvature, and r, 
d, and n express the radius of curvature of the lens, surface 
interval, and refractive index. 
(Example 2-1) 

The present example is an objective lens formed of the 
plastic material of the reference wavelength of 405 nm, NA of 
0.85, and entrance pupil of 3.00 mm, and the lens data is 
shown in Table 44 . When the first surface is the diffractive 
surface, the axial chromatic aberration and the spherical 
aberration at the time of the wavelength variation of the 
light source are corrected. Further, although it is high NA 
plastic objective lens of 2 groups, the working distance is 
0.24 mm which is large, and further, because the aberration 
deterioration at the time of the temperature change is 
suppressed to small thereby, the applicable temperature range 
can be increased. Further, when the higher order than fourth 
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order diffractive surface coefficient is used, because the 
deterioration of the spherical aberration at the time of 
wavelength variation of the light source is suppressed to 
small, the laser light source whose oscillation wavelength is 
deviated from the reference wavelength can be used. The 
optical path view of Example 2-1 is shown in Fig. 71, and the 
spherical aberration view is shown in Fig. 72. 
[Table 47] 
Example 2-1 



Surface No. 


Remarks 


r (mm) 


d (mm) 




Vd 


0 


Diaphragm 




0 .000 






1 


Obj ect ive 
lens 


2.363 


2 .420 


1.52491 


56.5 


2 


5.716 


0 . 100 






3 


0 . 824 


1 . 100 


1.52491 


56.5 


4 




0 . 240 






5 


Trans- 
parent 
substrate 




0 . 100 


1 .61949 


30 . 0 


6 











Aspherical surface coefficient 



Surface No.l 
K=-l . 1657E-02 
A4=-5.7810E-05 
A6=2 .0309E-04 
A8=-2.0998E-03 
Aio=3 . 0348E-04 
Ai2 = 9 • 7520E-06 
Ai4 = 7 . 1291E-05 
Ai6 = -3 .2444E-05 



Surface No . 2 
K=2 .4281E+01 
A4=8 . 7896E-03 
A6=-2 .7805E-02 
A8=-2 .3050E-02 
Aao=4 . 9954E-02 
Ai2=-3 .3277E 



02 



Surface No . 3 
K=-7 .4948E-01 
A4=1.6080E-01 
A6=-5 . 9764E-02 
A8=3 .6904E-01 
Aio=-l. 9120E-01 
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Diffraction surface coefficient 

Surface No. 1 
b2=-l .4993E-02 
b4=1.2116E-03 
b6=-l . 0880E-03 
bB = 2 . 2720E-04 
bl0=-6.2535E-05 

(Example 2-2) 

The present example is an objective lens formed of the 
plastic material of the reference wavelength of 4 05 nm, NA of 
0.85, and entrance pupil of 3.75 mm, and the lens data is 
shown in Table 48. When the first surface is the diffractive 
surface, the axial chromatic aberration and the spherical 
aberration at the time of the wavelength variation of the 
light source are corrected. Further, although it is the high 
NA plastic objective lens of 2 groups, the working distance 
is 0.3 mm which is large, and further, because the aberration 
deterioration at the time of the temperature change is 
suppressed to small thereby, the applicable temperature range 
can be increased. Further, when the higher order than fourth 
order diffractive surface coefficient is used, because the 
deterioration of the spherical aberration at the time of 
wavelength variation of the light source is suppressed to 
small, the laser light source whose oscillation wavelength is 
deviated from the reference wavelength can be used. The 
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optical path view of Example 2-2 is shown in Fig. 73, and the 
spherical aberration view is shown in Fig. 74. 
[Table 48] 
Example 2-2 



Surface No. 


Remarks 


r (mm) 


d (mm) 




Yd 


0 


Diaphragm 




0 .000 






1 


Objective 
lens 


2 . 953 


3.000 


1.52491 


56.5 


2 


5 . 976 


0 . 100 






3 


1.011 


1.400 


1.52491 


56 .5 


4 




0 .300 






5 


Trans- 
parent 
substrate 




0 . 100 


1.61949 


30.0 


6 











Aspherical surface coefficient 



Surface No . 1 
K=-6 .3192E-02 
A4=-7 . 7232E-04 
A6=2 .4200E-04 
A8=-4 .1549E-04 
Aio=6 . 8221E-05 
Ai2=l. 1138E-06 
Ai4=-1.7818E-06 
Ai6=-2 . 5842E-07 



Surface No . 2 
K=1.6899E+01 
A4=5 . 1926E-03 
A6=-l . 1963E-02 
A8=1.8176E-04 
Aio = 2 . 3778E-03 
Ai2=-1. 8838E-03 



Surface No . 3 
K=-7 . 5159E-01 
A4=8 .1310E-02 
A6=-9. 9418E-03 
As=7.0926E-02 
Aio = -2 . 1891E-02 



Diffraction surface coefficient 

Surface No . 1 
b2=-1.3497E-02 
b4=-1.7632E-04 
b6=-2 . 9244E-04 
b8=l . 1828E-04 
bl0=-2 . 5259E-05 



(Example 2-3) 
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The present example is an objective lens formed of the 
plastic material of the reference wavelength of 4 05 nm, NA of 
0.85, and entrance pupil of 3.00 mm, and the lens data is 
shown in Table 49. When the second surface is the 
diffractive surface, the axial chromatic aberration and the 
spherical aberration at the time of the wavelength variation 
of the light source are corrected. Further, although it is 
the high NA plastic objective lens of 2 groups, the working 
distance is 0.3 mm which is large, and further, because the 
aberration deterioration at the time of the temperature 
change is suppressed to small thereby, the applicable 
temperature range can be increased. Further, when the higher 
order than fourth order diffractive surface coefficient is 
used, because the deterioration of the spherical aberration 
at the time of wavelength variation of the light source is 
suppressed to small, the laser light source whose oscillation 
wavelength is deviated from the reference wavelength can be 
used. The optical path view of Example 2-3 is shown in Fig. 
75, and the spherical aberration view is shown in Fig. 76. 
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[Table 49] 
Example 2-3 



Surface No. 


Remarks 


r (mm) 


d (mm) 




Vd 


0 


Diaphragm 




0 . 000 






1 


Obj ective 
lens 


2 . 573 


3 - 000 


1.52491 


56.5 


2 


3 . 988 


0 . 100 






3 


1 . 063 


1.400 


1 . 52491 


56 . 5 


4 




0.300 






5 


Trans- 
parent 
substrate 




0 . 100 


1 . 61949 


30 . 0 


6 











Aspherical surface coefficient 



Surface No. 1 
K=-l. 4467E-01 
A4 = -2 . 076BE-03 
A6=3 . 5286E-04 
A8=-4 .4009E-04 
Aio=6 .4500E-05 
Ai2=1.9781E-06 
Ai4=-1.4141E-06 
Ai6=-1.1355E-07 



Surface No . 3 
K=-7 . 7377E-01 
A4=6 . 9293E-02 
A6=3 . 5988E-04 
A8=5 . 0716E-02 
Aio=-l . 7712E-02 



Diffraction surface coefficient 

Surface No . 2 
b2=-3 .4997E-02 
b4=2 . 6307E-03 
b6=-l . 2966E-03 
b8=5.6267E-05 
bl0=-1.7531E-04 



(Example 2-4) 

The present example is an objective lens formed of the 
plastic material of the reference wavelength of 405 nm, NA of 
0.85, and entrance pupil of 3.00 mm, and the lens data is 
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shown in Table 50. When the first surface is the diffractive 
surface, the axial chromatic aberration and the spherical 
aberration at the time of the wavelength variation of the 
light source are corrected. Further, although it is the high 
NA plastic objective lens of 2 groups, the working distance 
is 0.3 mm which is large, and further, because the aberration 
deterioration at the time of the temperature change is 
suppressed to small thereby, the applicable temperature range 
can be increased. Further, the objective lens of the present 
example is conducted in such a manner that, as described in 
the aberration view, the axial chromatic aberration is made 
over corrected, and because the spherical aberration curve of 
the reference wavelength (4 05 nm) and the spherical 
aberration curve of the long • short (415 nm, 395 nm) side 
are crossed, although it is an objective lens in which the 
mode hop phenomenon or the aberration deterioration at the 
time of the high frequency superiraposit ion is small, the 
minimum value of the ring-shaped diffractive zone interval 
can be increased to 7 . 1 pm. The optical path view of Example 
2-4 is shown in Fig. 77 and the spherical aberration view is 
shown in Fig. 78. 



334 



4803 



[Table 50] 
Example 2-4 



Surface No. 


Remarks 


r (mm) 


d (mm) 




Vd 


0 


Diaphragm 




0 . 000 






1 


Obj ective 
lens 


2.240 


2 .300 


1 . 52491 


56.5 


2 


5.440 


0 . 100 






3 


0 . 849 


1.100 


1.52491 


56 .5 


4 




0 .218 






5 


Trans- 
parent 
substrate 




0 . 100 


1 . 61949 


30 . 0 


6 











Aspherical surface coefficient 



Surface No . 1 
K=-3 .4591E-02 
A4=-l . 9458E-03 
A6=1.4238E-03 
A8=-1.8833E-03 
Aio=l - 8744E-04 
Ai2 = l .2949E-05 
Ai4=B . 8928E-05 
Ais=-3 . 5496E-05 



Surface No. 2 
K=2 .2057E+01 
A4=1.0346E-02 
A6=-2.9696E-02 
A8=-2 .4668E-02 
Aao=5 . 1B17E-02 
Ai2=-3 .4330E-02 



Surface No . 3 
K=-7 . 5414E-01 
A4=1.5243E-01 
A6=-4 .6739E-02 
A8=3 . 4088E-01 
Aio=-l . 9156E-01 



Diffraction surface coefficient 



Surface No . 1 
b2=-l. 8997E-02 



(Example 2-5) 

The present example is an objective lens formed of the 
plastic material of the reference wavelength of 405 nra, NA of 
0.85, and entrance pupil of 3.00 mm, and the lens data is 
shown in Table 51. When the first surface and the thir-d 
surface are formed to the diffractive surfaces, the axial 
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chromatic aberration is corrected. Further, although it is 
the high NA plastic objective lens of 2 groups, the working 
distance is 0.22 mm which is large, and further, because the 
aberration deterioration at the time of the temperature 
change is suppressed to small, the applicable temperature 
range can be increased. Further, the objective lens of the 
present example shares the diffracting power onto two 
surfaces, and as described in the aberration view, when the 
axial chromatic aberration is made over corrected, because 
the spherical aberration curve of the reference wavelength 
(405 nm) and the spherical aberration curve of the long • 
short (415 nm, 395 nm) side are crossed, although it is an 
objective lens in which the mode hop phenomenon or the 
aberration deterioration at the time of the high frequency 
superimposition is small, the minimum value of the ring- 
shaped diffractive zone interval can be increased to 11.0 ^im. 
The optical path view of Example 2-5 is shown in Fig. 7 9 and 
the spherical aberration view is shown in Fig. 80. 
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[Table 51] 
Example 2-5 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Diaphragm 




0 . 000 






1 


Obj ective 
lens 


2 . 118 


2.300 


1 . 52491 


56 .5 


2 


5.289 


0 .100 






3 


0 . 906 


1 . 100 


1.52491 


56.5 


4 




0 .218 






5 


Trans- 
parent 
substrate 




0 . 100 


1.61949 


30 . 0 


6 











Aspherical surface coefficient 



Surface No . 1 
K=-5.7076E-02 
A4=-2 . 8402E-03 
A6=1.3465E-03 
A8=-2 . 0147E-03 
Aio=2 . 1181E-04 
Ai2 = 8 .3926E-06 
Ai4=8.5515E-05 
Ai6=-3 .5052E-05 



Surface No . 2 
K=2 . 0732E+01 
A4=l . 3016E-02 
A6=-3 .1410E-02 
A8=-2 . 2514E-02 
Aio = 4 . 8879E-02 
Ai2 = -3 . 3164E-02 



Surface No. 3 
K=-6 . 9090E-01 
A4=l. 3330E-01 
A6=-5.2403E-03 
A8=3 . 0541E-01 
Aio=-l. 7753E-01 



Diffraction surface coefficient 



Surface No . 1 
b2=-1.2273E-02 



Surface No. 3 
b2=-2 . 1099E-02 



(Example 2-6) 

The present example is a light converging optical 
system (refer to Fig. 70) including an objective lens, and a 
beam expander as a spherical aberration correction means 
which is composed of the positive lens and the negative lens, 
and in which the negative lens can be moved along the optical 
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axis direction, and a collimator lens for collimating the 
divergent light from the light source into the parallel 
light, and the data of each optical element are shown in 
Table 52. The reference wavelength is 405 nm, and the image 
side numerical aperture of the objective lens is 0.85. When 
the surface of the optical information recording medium side 
of the positive lens of the beam expander is formed to the 
diffractive surface, the axial chromatic aberration generated 
in the collimator lens and the beam expander is corrected. 
The optical path view of Example 2-6 is shown in Fig. 81 and 
the spherical aberration view is shown in Fig. 82. 

Further, the result in which the spherical aberration 
variation generated on each optical surface of the light 
converging optical system due to the temperature humidity 
change or the variation of the transparent substrate 
thickness of the optical information recording medium, or the 
minute variation of the oscillation wavelength of the light 
source is corrected when the negative lens is moved along the 
optical axis, is shown in Table 53. In this connection, the 
beam expander as the spherical aberration correction means in 
the present invention emits the incident parallel light as 
the almost parallel light, and it may includes at least one 
optical element which can change the divergent degree of the 
luminous flux emitted from the beam expander, when it moves 
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along the optical axis direction, and it is not limited to 
the mode of the present example. 
[Table 52] 



Example 2-6 



— 


— Remarks — 


— r (mm) 


d (mm) 




vd 


0 


Light 
source 




14 .318 






1 


Collimate 
lens 


20 . 804 


1.500 


1.52491 


56.5 


2 


-12 .354 


d2 
(Varia 
ble) 






3 


Beam 
expander 


-31.805 


1.200 


1.52491 


56.5 


4 


17.383 


d4 
(Varia 
ble) 






5 


21. 056 


1.500 


1. 52491 


56 .5 


5 


-42.138 


5 . 000 






7 


Diaphragm 




0 . 000 






8 


Obj ective 
lens 


2 . 240 


2.300 


1 . 52491 


56 . 5 


9 


5 . 440 


0 . 100 






10 


0 . 849 


1. 100 


1.52491 


56.5 


11 




0 .218 






12 


Trans- 




0.100 


1. 51949 


30-0 


13 


parent 
1 substrate 
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Aspherical surface coefficient 



Surface No . 2 
K=3 . 1152E+00 
A4=-1.0368E-04 
A6=1.5747E-04 
A8=l . 9458E-06 

Surface No . 8 
K=-3 .4591E-02 
A4=-1.9458E-03 
A6=l .4238E-03 
A8=-l. B833E-03 
Aio=l. 8744E-04 
Ai2=1.2949E-05 
Ai4=8 . 8928E-05 
Ai6=-3 .5496E-05 



Surface No. 4 
K=l . 3458E+00 
A4=-l. 0500E-05 
A6=-4 .3876E-06 
A8=-2 . 2179E-05 

Surface No. 9 
K=2 .2057E + 01 
A4=l. 0346E-02 
A6=-2 . 9696E-02 
A8=-2 .4668E-02 
Aio=5.1817E-02 
Ai2=-3 .4330E-02 



Surface No. 6 
K=-1.3339E+02 
A4=4.7909E-05 
A6=-6 .2942E-05 
A8=8 . 6896E-06 

Surface No. 10 
K=-7.5414E-01 
A4=l - 5243E-01 
A6=-4 . 6739E-02 
A8=3 .4088E-01 
Aio=-1.9156E-01 



Diffraction surface coefficient 



Surface No . 6 
b2=-2 . 0917E-03 



Surface No . 8 
b2=-l . 8997E-02 
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[Table 53] 



Example 2-6 



Factors of spherical 
aberration variation 


Wave front 
aberrati on 


d2 


d4 

(Variable) 


Reference condition 
(X,=405nm,T=25°C, t=0 . Imra) 


0 . 002% 


8 .000 


2 . 500 


Wavelength 
variation 
of the 
light 
source 


AX,= + 10nm 
AX=-10nm 


0 .oosX 

0 . 008?t 


8.497 
7.483 


2 . 003 

3 . 017 


Temperature 
change 


AT=+30°C 
AT=-30°C 


0 . 012^ 


7 . 815 

8 . 196 


2 . 685 
2 .304 


Transparent 
substrate 
thickness 
error 


At=+0 . 02mm 
At=-0 . 02rara 


0 . 

0 . 017?. 


9 . 799 
5 . 948 


0. 701 
4 . 552 



(Note 1) The changed amount AN =-1.2 E-4/°C of the refractive 
index of the lens material at the temperature change 

(Note 2) The changed amount AX=+0.05 nm/°C of the oscillation 
wavelength of the light source at the temperature 
change 



(Example 2-7) 

The present example is a light converging optical 
system (refer to Fig. 69) including an objective lens, and a 
collimator lens which can be moved along the optical axis 
direction, for collimating the divergent light from the light 
source into the parallel light, and the data of each optical 
element are shown in Table 54. The reference wavelength is 
405 nm, and the image side numerical aperture of the 
objective lens is 0.85. The optical path view of Example 2-7 
is shown in Fig. 83 and the spherical aberration view i.s 
shown in Fig. 84. 
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The result in which the spherical aberration variation 
generated on each optical surface of the light converging 
optical system due to the temperature humidity change or the 
variation of the transparent substrate thickness of the 
optical information recording medium, or the minute variation 
of the oscillation wavelength of the light source is 
corrected when the collimator lens is moved along the optical 
axis, is shown in Table 55. In this connection, in the 
present example, although it is a collimator lens as the 
spherical aberration correction means, which collimates the 
divergent light from the light source to the parallel light 
and can be moved along the optical axis direction, it may be 
a coupling lens which changes the divergent light from the 
light source to almost parallel light. Further, the coupling 
lens as the spherical aberration correction means is not 
limited to one group composition, but may be a two-group 
composition. 
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Example 2-7 



[Table 54] 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Light 
source 




do 
(Varia 
ble) 






1 


Collimate 
lens 


44 . 970 


1.500 


1.52491 


56 .5 


2 


-12.384 


d2 
(Varia 
ble) 






3 


Diaphragm 




0 . 000 






4 


Objective 
lens 


2 . 953 


3 . 000 


1.52491 


56 .5 


5 


5 . 976 


0.100 






6 


1. Oil 


1 .400 


1 . 52491 


56 .5 


7 




0.300 






8 


Trans- 
parent 
substrate 




0 . 100 


1 . 61949 


30 . 0 


9 











Aspherical surface coefficient 



Surface No . 2 
K=8 . 9215E-01 
A4=1.0356E-04 
As=8.6930E-06 
A8=-7 .3498E-07 



Surface No . 4 
K=-6 . 3192E-02 
A4=-7 . 7232E-04 
A6=2 .4200E-04 
A8=-4 . 1549E-04 
Aio = 6 . 8221E-05 
Ai2 = l . 1138E-06 
Ai4=-1.7818E-06 
Ai6=-2 .5842E-07 



Surface No. 5 
K=1.6899E+01 
A4=5 . 1926E-03 
A6=-l . 1963E-02 
A8=l. 8176E-04 
Aio=2 .3778E-03 
Ai2=-1 . 8838E-03 



Surface No . 6 
K=-7 . 5159E-01 
A4=8.1310E-02 
A6=-9.9418E-03 
A8=7.0926E-02 
Aio=-2 . 1891E-02 
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Diffraction surface coefficient 

Surface No. 4 
b2=-1.3497E-02 
b4=-1.7632E-04 
b6=-2 . 9244E-04 
b8=1.1828E-04 
blO=-2 . 5259E-05 



[Table 55] 



Factors of spherical 
aberration variation 


Wave front 
aberration 


d2 

(Variable) 


d4 

(Variable) 


Reference condition 
(?i=405nm,T=25°C, t = 0 . 1mm) 


0 .003^ 


17.750 


9.000 


Wavelength 
variation 
of the 
light 
source 


AX,= + 10nm 
A?i=-10nm 


0 . 002X 
0 . OO^X 


17 .796 
17 . 715 


8 . 954 
9.035 


Temperature 
change 


AT=+30°C 
AT=-30°C 


0 . QllX 


17 . 949 
17 . 560 


8 . 801 

9 . 190 


Transparent 
substrate 
thickness 
error 


At=+0 . 02mm 
At=-0 . 02mm 


0.015>. 
0 . 012?i 


17.041 
18.507 


9.709 
8 .243 



(Note 1) The changed amount AN =-1.2 E-4/°C of the refractive 
index of the lens material at the temperature change 

(Note 2) The changed amount A?l=+0.05 nm/°C of the oscillation 
wavelength of the light source at the temperature 
change 



In this connection, because all the optical element 
included in the optical systems of Example 2-6 and Example 2- 
7 are formed of the plastic material, the mass production is 
possible at low cost. Further, the optical system in Example 
2-6 and Example 2-7 can correct the spherical aberration 
generated due to the variation of the transparent substrate 
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thickness of the optical information recording medium 
exceeding ± 0.03 mm. Accordingly, the recording and/or 
reproducing of the information onto the multi- layer type 
optical information recording medium having the structure in 
which a plurality of transparent substrates and the 
information recording layers are laminated in order from the 
front surface side, can be conducted. 
(Example 2-8) 

The present example is an objective lens formed of the 
plastic material of the reference wavelength of 405 nm, NA of 
0.85, and entrance pupil of 3.00 mm, and the lens data is 
shown in Table 56. When the first surface is the diffractive 
surface, the axial chromatic aberration and the spherical 
aberration at the time of the wavelength variation of the 
light source are corrected. Further, although it is the high 
NA plastic objective lens of 2 groups, the working distance 
is secured as 0.4 mm which is large, and further, because the 
aberration deterioration at the time of the temperature 
change is suppressed to small thereby, the applicable 
temperature range can be increased. Further, when the higher 
order than fourth order diffractive surface coefficient is 
used, because the deterioration of the spherical aberration 
at the time of wavelength variation of the light source is 
suppressed to small, the laser light source whose oscillation 
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wavelength is deviated from the reference wavelength can be 
used. The optical path view of Example 2-8 is shown in Fig. 
85, and the spherical aberration view is shown in Fig. 86. 
[Table 56] 
Example 2-8 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Diaphragm 




0 . 000 






1 


Obj ect ive 
lens 


2 . 612 


1 . 650 


1 . 52491 


56 . 5 


2 


€ . 233 


0 . 100 






3 


0 . 972 


1.250 


1.52491 


56.5 


4 




0 .400 






5 


Trans- 
parent 
substrate 




0 . 100 


1 . 61949 


30.0 


6 











Aspherical surface coefficient 



Surface No. 1 
K=4 . 9548E-01 
A4=2 . 9615E-04 
A6=-6 . 1487E-04 
A8=-3 .3916E-03 
Aio=9.7337E-04 
Ai2=-1. 7352E-04 
Ai4 = 1.0522E-04 
Ai6=-4.2179E-05 



Surface No . 2 
K-2 . 1137E+01 
A4=3 .4060E-02 
A6=-2 . 7432E-02 
A8=-2 . 7984E-02 
Axo=4 . 3458E-02 
Ai2=-1.5425E-02 



Surface No. 3 
K=-9.7457E-01 
A4=l . 1859E-01 
A6=l . 7351E-02 
Ag=1.2713E-02 
Aio=3 .3984E-02 



Diffraction surface coefficient 

Surface No.l 
b2=-1.7999E-02 
b4=-l . 3878E-03 
b6=-3 .6276E-04 
b8=4 . 8713E-04 
bl0=::-2 . 5245E-04 



(Example 2-9) 
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The present example is an objective lens formed of the 
plastic material of the reference wavelength of 405 nm, NA of 
0.85, and entrance pupil of 3.00 mm, and the lens data is 
shown in Table 57. When the second surface is the 
diffractive surface, the axial chromatic aberration and the 
spherical aberration at the time of the wavelength variation 
of the light source are corrected. Further, although it is 
the high NA plastic objective lens of 2 groups, the working 
distance is secured as 0.4 mm which is large, and further, 
because the aberration deterioration at the time of the 
temperature change is suppressed to small thereby, the 
applicable temperature range can be increased. Further, when 
the higher order larger than fourth order diffractive surface 
coefficient is used, the coma generated due to the optical 
axis deviation of the first lens and the second lens is 
corrected. Further, when the generation amount of the third 
order spherical aberration and the generation amount of the 
higher order than fifth order spherical aberration are 
balanced, the spherical aberration when the wavelength is 
minutely varied from the reference wavelength, is finely 
corrected. Further, when the second surface is the 
diffractive surface, the incident angle of the marginal ray 
onto the second surface can be freely selected, that is, the 
degree of freedom at the time of the lens design work is 
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added by one, thereby, the spherical aberration and the coma 
can be accurately corrected. The optical path view of 
Example 2-9 is shown in Fig. 87, and the spherical aberration 
view is shown in Fig. 88. 
[Table 57] 
Example 2-9 



Surface No. 


Remarks 


r (mm) 


d (mm) 




Vd 


0 


Diaphragm 




0 .000 






1 


Obj ective 
lens 


2 . 069 


2.400 


1.52491 


56.5 


2 


3 . 774 


0 . 100 






3 


0 . 850 


1 . 100 


1 . 52491 


56 .5 


4 




0 . 240 






5 


Trans- 
parent 
substrate 




0 . 100 


1.61949 


30 . 0 


6 











Aspherical surface coefficient 



Surface No.l 
K=-4 . 1835E-01 
A4=-2 . 5761E-03 
A6=5 . 6033E-03 
A8=-3 . 8553E-03 
Aio=7 . 5555E-04 
Ai2=l . 6210E-04 
Ai4=-1.0048E-04 
Ais=8 .5422E-06 



Surface No . 3 
K=-8 . 0523E-01 
A4=l. 7492E-01 
A6=-7 . 0284E-02 
A8=3 .3189E-01 
Aio=-1.6330E-01 



Diffraction surface coefficient 

Surface No. 2 
b2=-3 .2000E-02 
b4=1.0693E-02 
b5=-2 .5508E-03 
b8=-5.9761E-03 
blO=1.6710E-03 
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In this connection, in each of Tables and each of 
drawings, for the expression of the exponent of 10, E (or e) 
is used, for example, E-02 is used as (10"^) . 

According to the present invention, the objective lens 
for the recording and/or reproducing of the information of 
the optical information recording medium which is composed of 
2 positive lenses and the high NA objective lens, and has a 
small diameter and the working distance is large, and by 
which the axial chromatic aberration generated due to the 
mode hop phenomenon of the laser light source is effectively- 
corrected, can be provided. 

Further, the objective lens composed of 2 positive 
lenses for the recording and/or reproducing of the 
information of the optical information recording medium which 
is formed of the plastic material and high NA objective lens, 
and the applicable temperature range is large, and by which 
the axial chromatic aberration generated due to the mode hop 
phenomenon of the laser light source is effectively 
corrected, can be provided. 

Further, the light converging optical system, optical 
pick-up apparatus and recording - reproducing apparatus, by 
which the variation of the spherical aberration generated on 
each optical surface of the optical pick-up apparatus cflue to 
the oscillation wavelength change of the laser light source. 
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temperature • humidity change, or the errors of the thickness 
of the transparent substrate of the optical information 
recording medium, can be effectively corrected by a simple 
structure, can be provided. 
(Examples 3-1 to 3-5) 

Values of the conditions for Examples 3-1, 3-2, 3-3, 3- 
4 and 3-5, and the conditional expressions are shown in Table 
55, and each lens data are respectively shown in Tables 59, 
60, 61, 62 and 63. In any example, 2 aspherical plastic 
lenses are combined, and at the luminous flux of the 
wavelength 405 nm, the objective lens whose NA is 0.85, and 
at the luminous flux of the wavelength 6 55 nm, the objective 
lens whose NA is 0.65, are obtained. As shown in Table 56 - 
Table 60, the first surface - the third surface are formed to 
the aspherical surfaces, and the first surface is the 
diffractive surface. As the plastic material, polyolef in 
resin is used, and its specific gravity is about 1.0, and the 
saturated water absorption is not more than 0.01 %, and as 
the result, the weight can be not higher than a half o£ the 
weight of the objective lens composed of 2 glass lenses, and 
although the NA is 0.85 which is large, it can be about 0.02 
g (not including a mirror frame) . Further, when the first 
surface is formed to the diffractive surface having the ring- 



350 



4803 



shaped step-difference, the chromatic aberration of the 
objective lens can be finely corrected. 
[Table 58] 



Example 


3-1 


3-2 


3-3 


3-4 


3-5 


Object (4 05nm) 












point 
position (655nm) 


infinite 




infinite 


infinite 


infinite 


Spherical aberration 
correction 


flaring 


perfect 
correc- 
tion 


flaring 


flaring 


flaring 


(405nm) 

f (mm) 

(655nm) 


1.765 
1 . 806 


1.765 
1.802 


1.765 
1.807 


1.765 
1. 798 


1.765 
1 .816 


(4 05nm) 

NA 

(6 55nm) 


0 . 85 
0 . 65 


0 . 85 
0 . 65 


0 . 85 
0 . 65 


0 . 85 
0 . 65 


0 . 85 

0 . 65 


hf 


1 . 500 


1.500 


1 . 500 


1.500 


1.500 


hh 


0 . 750 


0 . 750 


0 . 750 


0 . 750 


0 . 750 




Pf 


0 . 006 


0 . 002 


0 . 009 


0 . 007 


0 . 012 


Ph 


0 . 027 


0 . 021 


0 . 044 


0 . 027 


0 . 113 


|Ph/Pf - 2| 


2 . 5 


8 . 5 


2 . 9 


1.9 


7.4 




fl 


4 .46 


4 .39 


4 .23 


3.31 


5 .00 


f2 


1 .66 


1 . 98 


1.73 


2 .37 


1 . 94 


f l/f2 


2 . 69 


2 .22 


2.45 


1.40 


2.58 




r 1 


2 .292 


2 . 191 


2.398 


1.883 


2.479 


r 2 


19 . 346 


14 .494 


-21 .583 


-55 . 130 


36.391 


(r 2+ r 1) / (r 2-r 1) 


1 . 27 


1 .36 


0 . 80 


0 . 93 


1 . 15 
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[Table 59] 
Example 3-1 
NAloBj 0.8 5 



Xl = 4 0 5nra 



Surface No. 


Remarks 


r (mm) 


d (mm) 


Nxi/Nx2 


vd 




Light 
source 




do 

(Variable) 








Diaphragm 




0 . 000 






1 

(Aspheric 1, 
Diffraction 
surface 1) 


Objective 
lens 


2 .292 


1. 608 


1.52491/1.50641 


56 .5 


2 

(Aspheric 2) 


19 .346 


0 . 612 






3 

(Aspheric 3) 


1.014 


1.100 


1 . 52491/1 . 50641 


56 . 5 


4 


-3 . 898 


d4 

(Variable) 






5 


Trans- 
parent 
substrate 




d5 

(Variable) 


1. 6195/1.57654 


30.0 


6 











Aspherical surface coefficient 



Surface No.l 
K=-0 . 24607 
A4 = -8 . 1286x10'^ 
A6 = -2 .8072x10'^ 
A8=-l .4748x10"^ 
Aio=-2 . 9670x10"' 



Surface No. 2 
K=-467 .446435 
A4=-0 . 576950x10'' 
A6=-l . 05310x10"^ 
A8=-0 . 132770x10"' 
Aio=0 . 109067x10"^ 



Surface No. 3 
K=-0 .249022 
A4 = -0 . 818609x10'^ 
A6=-0 . 850912x10"^ 
A8=0 .213282x10"^ 
Aio=-0 . 562502x10"^ 



Diffraction surface coefficient 

Surface No.l 
b2=-8. 000x10"^ 
b4=-l. 2367x10"^ 
b6 = -4 . 9877x10"* 
b8 = -4 . 9264x10'* 
bl0 = l. 6272x10"^ 
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X,l = 405nm 


?\u2 = 655nm 


do (Variable) 




25.000 


d4 (Variable) 


0.100 


0 .600 


d5 (Variable) 


0 .319 


0.133 



[Table 60] 
Example 3-2 
NAloBj 0.8 5 



Xl = 4 05nm 
A-2 = 555nm 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 




Light 
source 




do 

(Variable) 








Diaphragm 




0 .000 






1 

(Aspheric 1, 
Diffraction 
surface 1) 


Obj active 
lens 


2 .191 


1.514 


1.52491/1 .50641 


56.5 


2 

(Aspheric 2) 


14 .494 


0 .332 






3 

(Aspheric 3) 


1 . 041 


1.100 


1.52491/1.50641 


56 . 5 


4 




d4 

(Variable) 






5 


Trans- 
parent 
substrate 




d5 

(Variable) 


1.6195/1.57654 


30.0 


6 











Aspherical surface coefficient 



Surface No . 1 
K=-0 .23074 
A4=-8 . 8938x10"^ 
A6=-l. 6455x10"^ 
A8=-2 . 0864x10"^ 
Aio=-3 .4710x10"' 



Surface No . 2 
K=l. 833506 
A4 = 0 . 104570x10"^ 
A6 = -0 . 610124X10"' 
As = -0 .473274x10"' 
Aio=0 . 208277x10"^ 



Surface No. 3 
K=-0 . 280330 
A4=0 . 196148x10"^ 
A6=-0 . 275545x10'^ 
A8=0 .404679x10'^ 
Aio = -0 . 640745x10"- 
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Diffraction surface coefficient 

Surface No. 1 
b2=-8. 000x10'^ 
b4=-3 -4516x10"^ 
b6=-l. 2546x10"^ 
b8 = 2 . 0867x10"* 
blO = -l. 8580x10"'' 





A,l = 4 0 5nm 


A,2 = 655nm 


do (Variable) 






d4 (Variable) 


0 . 100 


0 . 600 


d5 (Variable) 


0.400 


0 . 088 



[Table 61] 
Example 3-3 

NAloBj 0.85 floBj = 1.765 Xl = 405nni 



NA2nR,T 0.65 f2oBj = 1.807 X2 = 655nm 


Surface No. 


Remarks 


r (mm) 


d (mm) 




Vd 




Light 
source 




do 

(Variable) 








Diaphragm 




0.000 






1 

(Aspheric 1, 
Diffraction 
surface 1) 


Obj ective 
lens 


2 .398 


1.988 


1 . 52491/1 . 50641 


56 .5 


2 

(Aspheric 2) 


-21 . 583 


0 .397 






3 

(Aspheric 3) 


1.107 


1.100 


1.52491/1.50641 


56 . 5 


4 


-3.289 


d4 

(Variable) 






5 


Trans- 
parent 
substrate 




dS 

(Variable) 


1.6195/1.57654 


30 . 0 


6 
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Aspherical surface coefficient 

Surface No. 3 
K=-0 .191137 
A4=-0 . 832236x10"^ 
A6=-0 . 997090x10"^ 
Aa=0. 736157x10"^ 
Aio=-0 . 224644x10"^ 



Diffraction surface coefficient 

Surface No. 1 
b2=-B . 000x10"^ 
b4=-l. 2730x10'^ 
b6=-4 .2173x10'* 
b8=-5. 7675x10"* 
blO=l. 7867x10"* 





A-l=405nm 


?i2 = 655nm 


do (Variable) 




25 . 000 


d4 (Variable) 


0 . 100 


0 .600 


dS (Variable) 


0 .307 


0 .120 



Surface No.l 
K=-0 .44248 
A4=-8 . 0794x10"^ 
A6=-2. 9891x10"^ 
A8 = -l. 6060x10"^ 
Aio=-9. 5906x10"^ 



Surface No. 2 
K=-1542 . 539294 
A4=-0 . 290011x10"^ 
A6 = -6 . 1356x10"^ 
A8=0 . 199055x10'^ 
Aio=0 . 238125x10"^ 
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[Table 62] 
Example 3-4 

NAloBj 0.85 floBj = 1.765 X± = 405nm 



NA2oBj 0.65 f2oBj = 1.798 X2 = 655nm 



l\i-i.^OBJ vj . u-j 

Surface No. 


Remarks 


r (mm) 


d (mm) 


N9,i/Nx2 1 Vd 




Light 
source 




do 

(Variable) 








Diaphragm 




0 .000 






1 

(Aspheric 1, 
Diffraction 
surface 1) 


Objective 
lens 


1. 883 


1.309 


1. 52491/1. 50S41 


56 . 5 


2 

(Aspheric 2) 


-55.130 


0.359 






3 

(Aspheric 3) 


1.296 


1.049 


1.52491/1.50641 


56 . 5 


4 


-21 . 566 


d4 

(Variable) 






5 


Trans- 




d5 

(Variable) 


1.6195/1.57654 


30 . 0 


6 


parent 
substrate 











Aspherical surface coefficient 



Surface No.l 
K=-0 . 37981 
A4 = -l . 0931x10"^ 
A6=-3 . 1721x10"^ 
A8=-l . 7479x10"^ 
Aio=-7 . 8801x10"^ 



Surface No . 2 
K=-49089. 66873 
A4=-0 .492871x10"^ 
A6=-0 . 905121x10"^ 
A8 = -0 . 132381x10"^ 
Aio=0 . 654215x10'^ 



Surface No . 3 
K=-0 . 113585 
A4 = 0 .291925x10'^ 
A6=-0 .787386x10'^ 
A8=0 .484959x10"^ 
Aio=0 . 907817x10"^ 



Diffraction surface coefficient 

Surface No.l 
b2=-8 .000x10'^ 
b4=-l. 2409x10'^ 
b6=-3 .7079x10'^ 
b8=-5. 2757x10"^ 
bl0=l. 7619x10'^ 
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Xl=405nm 


A,2 = 655nm 


do {Variable) 




26.779 


d4 (Variable) 


0 . 100 


0.600 


d5 (Variable) 


0.387 


0.200 



[Table 63] 
Example 3-5 

NAloBj 0.85 floBj = 1.765 

NA2oBj 0.65 f2oBj = 1-816 



A,l = 4 05nm 
X2 = 655nTn 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 




Light 
source 




do 

(Variable) 








Diaphragm 




0 .000 






1 

(Aspheric 1, 
Diffraction 
surface 1) 


Ob j active 
lens 


2 .479 


1 .360 


1 . 52491/1 .50641 


56 . 5 


2 

(Aspheric 2) 


36 . 391 


0 .494 






3 

(Aspheric 3) 


1 . 020 


1 .083 


1.52491/1.50641 


56 . 5 


4 




d4 

(Variable) 






5 


Trans- 
parent 
substrate 




d5 

(Variable) 


1.6195/1.57654 


30 . 0 


6 











Aspherical surface coefficient 



Surface No.l 
K=-0 . 14947 
A4=-8 .1974x10"^ 
As--!. 3168x10"^ 
A8=-2 . 4204x10"^ 
Aio=-2 .7064x10"' 



Surface No. 2 
K=-636 . 960794 
A4=0 . 3448750x10"- 
A6=-0 . 819356X10"' 
A8=-0 .430397x10"- 
Aio = 0 . 138561x10"^ 



Surface No . 3 
K=-0 .356004 
A4=0. 322674x10"^ 
A6=-0. 374793x10"^ 
A8=0 .253643x10"^ 
Aio=0 . 117646x10"^ 
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Diffraction surface coefficient 

Surface No . 1 
b2=0.00 

b4=-9 . 8787x10'* 
b6 = -5 . 8176x10'* 
b8 = -5 . 1035x10'^ 
blO=l. 9833x10'^ 





?tl = 405nm 


X,2 = 655ntn 


do (Variable) 




32.685 


d4 (Variable) 


0.100 


0 . 600 


d5 (Variable) 


0 .484 


0.309 



Relating to Example 3-1, the optical path view in the 
case of NA 0.8 5 is shown in Fig. 89, and the spherical 
aberration view is shown in Fig. 91, and the optical path in 
the case of NA 0.65 is shown in Fig. 90, and the spherical 
aberration view is shown in Fig. 92. Relating to Example 3- 
2, the optical path view in the case of NA 0.85 is shown in 
Fig. 93, and the spherical aberration view is shown in Fig. 

95, and the optical path in the case of NA 0.65 is shown in 
Fig. 94, and the spherical aberration view is shown in Fig. 

96. Relating to Example 3-3, the optical path view in the 
case of NA 0.85 is shown in Fig. 97, and the spherical 
aberration view is shown in Fig. 99, and the optical path in 
the case of NA 0.65 is shown in Fig. 98, and the spherical 
aberration view is shown in Fig. 100. Relating to Example 3- 
4, the optical path view in the case of NA 0.85 is shown in 
Fig. 97, and the spherical aberration view is shown in Fig. 
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103, and the optical path in the case of NA 0.65 is shown in 
Fig. 102, and the spherical aberration view is shown in Fig. 

104. Relating to Example 3-5, the optical path view in the 
case of NA 0.85 is shown in Fig. 10 5, and the spherical 
aberration view is shown in Fig. 107, and the optical path in 
the case of NA 0.65 is shown in Fig. 106, and the spherical 
aberration view is shown in Fig. 108. As can be seen from 
each example, in both cases of NA 0.8 5 and NA 0.65, the 
spherical aberration can be finely corrected, and for both of 
the optical information recording medium (DVD) whose 
transparent substrate thickness is comparatively thick, under 
the condition of NA 0.65 and the wavelength 655 nm, and the 
optical information recording medium whose transparent 
substrate thickness is comparatively thin and which has 
higher density, under the condition of NA 0.85 and the 
wavelength 405 nm, a good objective lens can be obtained. 
(Examples 3-6 to 3-10) 

As shown in Table 64, Examples 3-6, 3-7, and 3-8 are 
light converging optical systems in which an objective lens 
formed of 2 aspherical plastic lenses in which the first 
surface, second surface, and third surface are formed to the 
aspherical surface, and one surface is formed to a 
diffractive surface, and a beam expander as a spherical 
aberration correction means are combined, and Examples 3-9 
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and 3-10 are light converging optical systems in which an 
objective lens formed of 2 aspherical plastic lenses in which 
the first surface, second surface, and third surface are 
formed to the aspherical surface, and one surface is formed 
to a diffractive surface, and a single coupling lens or a 
coupling lens of the structure of 2 elements in 1 group as a 
spherical aberration correction means are combined. The lens 
data for Examples 3-6 to 3-10 are respectively shown in 
Tables 65, 66, 67, 68 and 69. Each spherical aberration 
correction means of Examples 3-7, 3-8, and 3-9, is formed of 
the plastic and the material is polyolefin resin, and its 
specific gravity is about 1.0, and the saturated water 
absorption is not larger than 0.01 %. As shown in Table 64, 
the axial chromatic aberration in each light converging 
optical system satisfies the above conditional expression 
(22) and is finely corrected. 

In this connection, in the table of examples 3-1 to 3- 
10, the diffractive surface is expressed by giving the 
coefficient of the phase function expressed by the Equation 2 
in which the step-difference is neglected, and the ring band 
shape of the actual diffractive surface is produced in such a 
manner that the optical path difference by the step- 
difference between each of ring bands is one time or two 
times of the wavelength. 
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[Table 64] 



Example list 



Example 


3-6 1 3-7 


3-8 


3-9 1 3-10 


Spherical 
aberation 
correc- 
tion 
means 


Mode 


Beam expander 


coupling lens 


Compo- 
sition 


2 elements in 2 
groups 


1 element in 1 
group 


2 elements in 
1 group 


Mater- 
ial 


Glass 


Plastic 


Plastic 


Glass 


|5fBll (vim) 


0 . 11 


0 . 10 


0 . 16 


0 . 14 


0 . 12 


1 5fB2 1 {]im) 


0 .09 


0 . 09 


0 . 12 


0 . 08 


0. 07 


|5fBl -NAl^l^ 
0.25 (pm) 


0 . 08 


0 . 07 


0 . 11 


0 . 10 


0 . 09 


l5fB2 •NA2^|^ 
0.25 (urn) 


0 . 06 


0 . 06 


0 . 09 


0 . 06 


0 . 05 
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[Table 65] 
Example 3-6 



NAloBj 0.85 floBj = 1.765 floBj+sA = 1.453 Xl = 405nm 

NA2oBj 0.65 f2oBj = 1.802 flpsj^sA = 1.552 X2 ^ 655nm 



Surface No. 


Remarks 


r (mm) 


d (mm) 




Vd 




Light 
source 










1 


Spherical 
aberat ion 

tion 
means 


-20.825 


0 . 800 


1.80589/1.74740 


27 . 5 


2 


22 . 000 


d2 

(Variable) 






3 


106 . 134 


1. 000 


1 . 52972/1 . 51390 


64 . 1 


4 


-9.179 


4 . 000 








Diaphragm 




0 . 000 






5 

(Aspheric 1, 
Diffraction 
surface 1) 


Obj ective 
lens 


2 . 191 


1.514 


1.52491/1.50641 


56.5 


6 

(Aspheric 2) 


14 .494 


0 .332 






7 

(Aspheric 3) 


1.041 


1.100 


1.52491/1.50641 


56.5 


8 




d8 

(Variable) 






9 


Trans- 
parent 
substrate 




d9 

(Variable) 


1.6195/1.57654 


30.0 


10 











Aspherical surface coefficient 



Surface No. 5 
K=-0 . 23074 
A4=-8 .8938x10'^ 
As=-1 . 6455x10"^ 
Aa=-2 . 0864x10"^ 
Aio=-3 .4710x10"^ 



Surface No. 6 
K=l . 833506 
A4 = 0 . 104570x10"^ 
A6=-0 . 610124x10'^ 
A8=-0 . 473274x10"^ 
Aio=0 .208277x10"^ 



Surface No. 7 
K=-0 .280330 
A4=0 . 196148x10'^ 
A6=-0 .275545x10"^ 
A8=0 .404679x10"^ 
Aio= - 0.640 74 B^clO"^ 
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Diffraction surface coefficient 



Surface No. 5 
b2=-B . 000x10'^ 
b4=-3. 4516x10"^ 
b6=-l. 2546x10'^ 
b8 = 2 . 0867x10"^ 
blO=-l. 8680x10"^ 



[Table 66] 
Example 3-7 
NAloBj 0.85 
NA2oBj 0.65 



Surface No. 



(Aspher-ic 1) 



(Aspheric 2) 



f loBJ 
f 2oBj 



1.765 
1.802 



Remarks 



Light 
source 



(Aspheric 3 , 
Diffraction 
surface 1) 



(Aspheric 4) 



(Aspheric 5) 



10 



Spherical 
aberation 
correc- 
tion 
means 



r (mm) 



floBj+sA = 1.435 
f2oBj+sA = 1.539 



14 .882 



Diaphragm 



Objective 
lens 



Trans - 
■parent 
substrate 



-8 . 046 



d (mm) 



d2 

(Variable) 



1.000 



A,l = 4 05nm 
X2 - 655nm 



Nxi/Nx2 



1 . 66845/1 . 61439 



2 . 191 



1. 041 



4 . 000 
0 . 000 



d8 

(Variable) 



1.52491/1.50641 



1.52491/1.50641 



1.52491/1.50641 



(Variable) 



1.6195/1.57654 



56.5 



56 . 5 



30 . 0 
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Aspherical surface coefficient 



Surface No.l 
K=44. 971394 
A4 = 0. 212008x10"^ 
A6 = -0 .738326x10"* 
A8 = -0 .451694x10"^ 

Surface No. 6 
K=l. 833506 
A4 = 0. 104570x10"^ 
A6=-0 . 610124x10"^ 
A8=-0 .473274x10"^ 
Aio=0. 208277x10"^ 



Surface No. 2 
K=36 . 803919 
A4 = -0. 222701x10"^ 
A6=-0. 217421x10"^ 
A8=-0 .411907x10"^ 

Surface No. 7 
K=-0 .280330 
A4=0 . 196148x10"^ 
A6=-0. 275545x10"^ 
A8=0. 404679x10"^ 
Aio=-0 .640745x10"' 



Surface No. 5 
K=-0. 23074 
A4=-8 . 8938x10'^ 
A6=-l. 6455x10"^ 
A8=-2 . 0864x10"^ 
Aio=-3. 4710x10"^ 



Diffraction surface coefficient 

Surface No. 5 
b2 = -8 . 000x10"^ 
b4 = -3 .4516x10"^ 
b6=-l . 2546x10"^ 
b8 = 2 . 0867x10"^ 
blO = -l. 8680x10'^ 



364 



4803 



[Table 67] 
Example 3-8 



NAloBj 0.85 floBj = 1.755 flosj+SA = 0.597 ^1 = 405nm 

NA2oBj 0.65 f2oBj = 1.806 f2oBj+sA = 1.326 X2 = 655nm 



Surface No. 


Remarks 


r (mm) 


d (mm) 




Vd 




Light 
source 










1 

(Diffraction 
surface 1) 


Spherical 
aberation 
correc- 
tion 
means 


-8 .009 


0. 800 


1.52491/1.50641 


56.5 


2 

(Diffraction 
surface 2) 


12.531 


d2 

(Variable) 






(Aspheric 1) 


12 .462 


1.200 


1.52491/1.50641 


56.5 


4 

(Aspheric 2) 


63 . 117 


3 . 000 








Diaphragm 




0 . 000 






5 

(Aspheric 3 , 
Diffraction 
surface 1) 


Obj ective 
lens 


2.292 


1.608 


1.52491/1.50641 


56.5 


6 

(Aspheric 4) 


19.346 


0.612 






7 

(Aspheric 5) 


1 . 014 


1.100 


1.52491/1.50641 


56.5 


8 


-3 .898 


d8 

(Variable) 






9 


Trans- 
parent 
substrate 




d9 

(Variable) 


1. 6195/1 .57654 


30 . 0 


10 











Aspherical surface coefficient 



Surface No . 3 
K=4 . 624628 
A4 = 0. 311837x10"^ 
A6=0 . 151011x10"^ 
A8=0. 940372x10"* 

Surface No . 6 

K=-467 .45 

A4=-0 . 576950x10'^ 

A6=-l. 05310x10"^ 

A8=-0 . 132770x10'^ 

Aio=0.109067xl0"^ 



Surface No. 4 
K=952 .297894 
A4=0 .324604x10"^ 
A6=0. 732188x10"^ 
A8=0 . 994591x10"^ 



Surface No . 7 
K=-0.249022 
A4=-0. 818609x10"^ 
A6=-0. 850912x10"^ 
A8=0. 213282x10"^ 
Aio=-0 . 562502x10"^ 



Surface No . 5 
K=-0 .24607 
A4=-8. 1286x10" 
As=-2 . 8072x10" 
A8=-l. 4748x10" 
Aio=-2 . 9670x10 



Diffraction surface coefficient 



Surface No.l 
b2 = -2 . 000x10"^ 
b4=-2 .2880x10" 



Surface No . 2 
b2 = -2 . 000x10"^ 
b4 = 2 .4872x10"^ 



Surface No . 5 
b2 = -8 . 000x10"^ 
b4=-l. 2367x10 
b6=-4 . 9877x10 
b8=-4. 9264x10 
bl0=l . 6272x10 
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[Table 68] 
Example 3-9 



NAloBj 0.85 floBj = 1.765 floBj-^sA = 6.428 Xl = 405nm 

NA2oBj 0.65 f2oBj = 1.816 f2oBj^sA = -11.725 X2 = 655nm 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 




Light 
source 




do 

(Variable) 






1 

(Diffraction 
surface 1) 


Spherical 
aberation 
correc — 
tion 
means 


oo 


1.000 


1.52491/1.50641 


56 .5 


2 

(Aspheric 1) 


-5.008 


d2 

(Variable) 








Diaphragm 




0 . 000 






3 

(Aspheric 2, 
Diffraction 
surface 2) 


Obj ective 
lens 


2 .479 


1.360 


1 . 52491/1. 50641 


56.5 


4 

(Aspheric 3) 


36.391 


0 .494 






5 

(Aspheric 4) 


1 . 020 


1.083 


1.52491/1.50641 


56 . 5 


6 




d6 

(Variable) 






7 


Trans- 
parent 
substrate 




d7 

(Variable) 


1.6195/1.57654 


30.0 


8 
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Aspherical surface 

Surface No. 2 
K=0 . 189894 
A4 = 0 .219134x10'^ 
A6=-0 . 730077x10"^ 
A8 = 0. 578869x10"^ 

Surface No . 5 
K=-0 .356004 
A4=0 .322674x10'^ 
A6 = -0 .374793x10"^ 
A8 = 0 .253643x10"^ 
Aio=-0. 117646x10"^ 



coefficient 

Surface No . 3 
K=-0.14947 
A4=-8 . 1974x10"^ 
A6=-l . 3168x10'^ 
Ae = -2 .4204x10'^ 
Aio=-2 .7064x10"^ 



Surface No . 4 
K=-636 . 960794 
A4 = 0 .3448750x10'^ 
A6=-0 . 819356xl0'^ 
A8=-0 .430397x10"^ 
Aio=0 . 138561x10"^ 



Diffraction sur: 

Surface No . 1 
b2 = -2 . 0000x10"^ 
b4 = 6 . 1463x10'^ 
b6 = 6 . 8341x10"^ 
b8 = -6 . 5716x10'^ 
bl0 = 6. 3514x10'^ 



coefficient 

Surface No. 3 
b2=0 . 00 

b4 = -9 . 8787x10"^ 
b6 = -5 . 8176x10"^ 
b8 = -5 . 1035x10""* 
blO-1. 9833x10'^ 
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[Table 69] 
Example 3-10 



NAloBj 0.85 floBj = 1.765 floBj+sA = 3.329 Xl = 405nm 

NA2oBj 0.65 f2oBj = 1.816 £2obj^.sa = 9.419 X2 = 655nm 



Surface No, 


Remarks 


r (mm) 


d (mm) 




vd 




Light 
source 




do 

(Variable) 






1 


Spherical 
aberation 
correc- 
tion 
means 


-99.296 


1. 000 


1.91409/1.83665 


23 . 8 


2 


3 .423 


2.100 


1 . 71548/1 . 68962 


53.2 


3 

(Aspheric 1) 


-4 .319 


d3 

(Variable) 








Diaphragm 




0 . 000 






4 

(Aspheric 2, 
Diffraction 
surface 1) 


Obj ective 
lens 


2 .479 


1.360 


1.52491/1.50641 


56 . 5 


5 

(Aspheric 3) 


36.391 


0.494 






6 

(Aspheric 4) 


1 . 020 


1 . 083 


1 . 52491/1 . 50641 


56 . 5 


7 




d7 

(Variable) 






8 


Trans- 
parent 
substrate 




d8 

(Variable) 


1 . 6195/1 . 57654 


30 . 0 


9 
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Aspherical surface coefficient 



Surface No -3 
K=0 . 174134 



Surface No. 4 
K=-0. 14947 



Surface No. 5 
K=-636. 960794 



A4=-0. 834473xlO'* 
A6 = -0. 928688x10'^ 
A8 = 0 . 342877x10"^ 



A4=-8 . 1974x10"^ 
A6=-l. 3168x10'^ 
A8=-2 .4204x10"^ 
Aio=-2 .7064x10" 



A4=0 .3448750x10 
A6=-0 . 819356x10 
A8=-0 .430397x10 
Aio=0 . 138561x10' 



-2 



-2 



1-2 



1-2 



Surface No. 6 
K=-0 . 356004 



A4=0 . 322674x10"^ 
A6=-0 . 374793x10" 
A8=0 .253643x10"^ 



1-1 



Aio=-0 . 117646x10"^ 

Diffraction surface coefficient 

Surface No . 4 
b2=0 . 00 

b4=-9 . 8787x10"^ 
b6 = -5. 8176x10"^ 
b8 = -5 . 1035x10'^ 
bl0=l .9833x10"^ 

Relating to Example 3-6, the optical path view in the 
case of NA 0.85 is shown in Fig. 109, and the spherical 
aberration view is shown in Fig. Ill, and the optical path in 
the case of NA 0.65 is shown in Fig. 110, and the spherical 
aberration view is shown in Fig. 106. Relating to Example 3- 
7, the optical path view in the case of NA 0.85 is shown in 
Fig. 113, and the spherical aberration view is shown in Fig. 

115, and the optical path in the case of NA 0.65 is shown in 
Fig. 114, and the spherical aberration view is shown in Fig. 

116. Relating to Example 3-8, the optical path view in. the 
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case of NA 0.85 is shown in Fig. 117, and the spherical 
aberration view is shown in Fig. 119, and the optical path in 
the case of NA 0.65 is shown in Fig. 118, and the spherical 
aberration view is shown in Fig. 120. Relating to Example 3- 
9, the optical path view in the case of NA 0.85 is shown in 
Fig. 121, and the spherical aberration view is shown in Fig. 

123, and the optical path in the case of NA 0.65 is shown in 
Fig. 122, and the spherical aberration view is shown in Fig. 

124. Further, relating to Example 3-10, the optical path 
view in the case of NA 0.85 is shown in Fig. 125, and the 
spherical aberration view is shown in Fig. 12 7, and the 
optical path view in the case of NA 0.65 is shown in Fig. 
126, and the spherical aberration view is shown in Fig. 128. 
As can be seen from each example, in both cases of NA 0.85 
and NA 0.65, the spherical aberration can be finely 
corrected, and for both of the optical information recording 
medium (DVD) whose transparent substrate thickness is 
comparatively thick, under the condition of NA 0.65 and. the 
wavelength 655 nm, and the optical information recording 
medium whose transparent substrate thickness is comparatively 
thin and which has higher density, under the condition of NA 
0.8 5 and the wavelength 4 05 nm, a good light converging 
optical system can be obtained. 



371 



4803 



Further, in examples 3-6, 3-7, and 3-8, when the 
interval between the positive lens and the negative lens of 
the beam expander is movable, the variation of the spherical 
aberration is corrected, and in examples 3-9 and 3-10, when 
the interval between the coupling lens and the objective 
lens, the variation of the spherical aberration is corrected. 
In each of examples 3-6 to 3-10, the results in which the 
variation of the spherical aberration generated in the 
optical system due to various causes is corrected as 
described above, are shown in Tables 70, 71, 72, 73, and 74. 
As can be seen from each table, in the light converging 
optical system of the present example, the spherical 
aberration generated due to the wavelength variation of the 
laser light source (LD) , temperature change, and error of the 
transparent substrate thickness, can be finely corrected. 
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[Table 70] 



Example 3-6 



Factors of spherical 
aberration variation 


Wave front 
absrrat ion 

after 
correction 


d2 
(Vari- 
able) 


d8 
(Vari- 
able) 


d9 
(Vari- 
able) 


Reference condition 
(?ll=405nm, T=25°C, 
tl=0 . 100mm) 


0 . 007A, 


2 . 000 


0.400 


0 . 100 


Wavelength 
variation 
of LD 


A?i= + 10nm 


0 . 021% 


2 .575 


0.394 


0 . 100 


AX.= -10nm 


0 . 028A- 


1 . 556 


0 .405 


0 . 100 


Temperature 
change 


AT=+3 0°C 


0 . 02SX 


2 . 175 


0 .405 


0 .100 


AT=-30°C 


0 . 022X 


1.859 


0.395 


0 . 100 


Transparent 
substrate 
thickness 
error 


At=+0 . 02mm 


0 . 007?^ 


1.323 


0.396 


0 . 120 


At=-0 . 02mm 


0 . OlOX 


2.783 


0 .403 


0.080 



Factors of spherical 
aberration variation 


Wave front 
aberration 

after 
correction 


d2 
(Vari- 
able) 


d8 
(Vari- 
able) 


d9 
(Vari- 
able) 


Reference condition 
(?l2 = 655nra, T=25°C, 
t2=0 . 600mm) 


0 . 002X 


1 .448 


0 . 088 


0 . 600 


Wavelength 
variation 
of LD 


AX,= + 10nm 


0 . 008X, 


2 . 574 


0 .075 


0 .600 


A?i=-10nm 


0 . 012?t 


0.407 


0.102 


0 . 600 


Temperature 
change 


AT=+3 0°C 


0 . 005A, 


3 . 108 


0 . 076 


0 .600 


AT=-30°C 


0 . 009X, 


0 . 051 


0 . 099 


0 .600 


Transparent 
substrate 
thickness 
error 


At=+0 . 02mm 


0 . 012X, 


0 .496 


0 . 087 


0 . 620 


At=-0 . 02mm 


0.004?i 


2 .457 


0 . 090 


0.580 
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[Table 71] 



Example 3-7 



Factors of spherical 
aberration variation 


Wave front 

after 
correction 


d2 
(Vari- 
able) 


dS 
(Vari- 
able) 


d9 
(Vari- 
able) 


Reference condition 
(A,l = 405nm, T=25°C, 
tl=0 . 100mm) 


0 . 006A, 


2 .000 


0.400 


0 . 100 


Wavelength 
variation 
of LD 


A^=-f lOnm 


0 . 026A- 


2 .532 


0-394 


0 . 100 


A^=-10nm 


0 . 030?i 


1 .592 


0 .405 


0 . 100 


Temperature 
change 


AT=+3 0°C 


0 . Q2lX 


2 . 174 


0.405 


0 . 100 


AT= - 3 0 ° C 


0 . 018?t 


1 . 863 


0.395 


0 . 100 


Transparent 
substrate 
thickness 
error 


At=+0 . 02mm 


0 . 007^ 


1.377 


0 .396 


0 . 120 


At=-0 . 02mm 


0 . OllX 


2.725 


0 .403 


0 . 080 



Factors of spherical 
aberration variation 


Wave front 
aberration 

after 
correction 


d2 
(Vari- 
able) 


d8 
(Vari- 
able) 


d9 
(Vari- 
able) 


Reference condition 
(A.2 = 655nm, T=25°C, 
t2=0 . 600mm) 


0 . 002?i 


1.436 


0 .088 


0 .600 


Wavelength 
variation 
of LD 


AA,= + 10nm 


0 . 007A. 


2.491 


0 . 075 


0 .600 


A?i=-10nm 


0 . 009X 


0 .482 


0 . 102 


0 . 600 


Temperature 
change 


AT=+30°C 


0 . oosA, 


3 . 015 


0 . 076 


0 .600 


AT=-30°C 


0.0Q9X 


0 . 179 


0 . 099 


0 . 600 


Transparent 
substrate 
thickness 
error 


At=+0 . 02mm 




0.568 


0 . 087 


0 . 620 


At=-0 . 02mm 


0.004?l 


2 .383 


0 .089 


0 .580 
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[Table 72] 



Example 3-8 



Factors of spherical 
aberration variation 


Wave front 
aberration 

after 
correction 


d2 
(Vari- 
able) 


d8 
(Vari- 
able) 


d9 
(Vari- 
able) 


Reference condition 
(?il=405nm, T=25°C, 
tl=0 .lOOmm) 


0 . 005?i 


19.310 


0.319 


0.100 


Wavelength 
variation 
of LD 


AA,=+10nm 


0 . 033X 


19.661 


0.319 


0.100 


AA,= -10nm 


0 . 034A, 


18 . 998 


0.319 


0 . 100 


Temperature 
change 


AT=+30°C 


0 . 052X 


18 . 821 


0.328 


0.100 


AT=-30°C 


0 . 053?i 


19.689 


0.311 


0 . 100 


Transparent 
substrate 
thickness 
error 


At=+0 . 02mm 


0 .OlOX 


16 . 835 


0 .316 


0 . 120 


At=-0 . 02mm 


0 . 005A, 


22 .219 


0 . 322 


0 . 080 



Factors of spherical 
aberration variation 


Wave front 
aberration 

after 
correction 


d2 
(Vari- 
able) 


d8 
(Vari- 
able) 


d9 
(Vari- 
able) 


Reference condition 
(A,2 = 655nm, T=25°C, 
t2=0 . 60 0mm) 


0.005?i 


1 .396 


0 . 133 


0 . 600 


Wavelength 
variation 
of LD 


A?^=: + 10nm 


0 . 005?i 


1 . 636 


0 . 129 


0 . 600 


AX= - 1 Onm 


0 . 005?i 


1 . 166 


0 . 137 


0 . 600 


Temperature 
change 


AT=+30°C 


0 . 005A, 


1 . 800 


0 . 133 


0 .600 


AT=-3 0°C 


0 . 005A, 


1 . 029 


0 . 133 


0 . 600 


Transparent 
substrate 
thickness 
error 


At=+0 . 02mm 


0 . oosX 


0 . 841 


0 . 129 


0.620 


At=-0 . 02mm 


0 . 004?. 


1 . 997 


0 . 137 


0 .580 
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[Table 73] 



Example 3-9 



Factors of spherical 
aberration variation 


Wave front 
aberration 

after 
correction 


do 
(Vari- 
able) 


d2 
(Vari- 
able) 


d6 
(Vari- 
able) 


d7 
(Vari- 
able) 


Reference condition 
(/ll=405nm, T=25°C, 
tl=0 . 100mm) 


0.008?i 


6 . 555 


5.445 


0 .484 


0 . 100 


Wavelength 
variation 
of LD 


AX,=+10nm 


0 . 037?i 


6.583 


5.417 


0 .483 


0 .100 


AA,= -10nm 


0 . 022% 


6 .534 


5.466 


0 .484 


0 . 100 


Temperature 
change 


AT=+30°C 


0 . 03SX 


6.556 


5 . 444 


0 .494 


0 . 100 


AT=-30°C 


0 . 029A. 


6.551 


5 . 449 


0 .474 


0.100 


Transparent 
substrate 
thickness 
error 


At=+0 . 02mm 


0 . 012X 


6.408 


5 . 592 


0.481 


0 . 120 


At=-0 . 02mm 


0 . 021A. 


6 .712 


5 .289 


0.486 


0 . 080 



Factors of spherical 
aberration variation 


Wave front 
aberration 

after 
correction 


do 
(Vari- 
able) 


d2 
(Vari- 
able) 


d6 
(Vari- 
able) 


d7 
(Vari- 
able) 


Reference condition 
(A,2 = 655nm, T=25°C, 
t2=0 . 600mm) 


0 . 007?^ 


4.543 


7.457 


0.309 


0.600 


Wavelength 
variation 
of LD 


A?t= + 10nra 


0 . 007A, 


4 . 579 


7.421 


0.305 


0.600 


AA,= -10nm 


0 . 007A, 


4 . 513 


7 .487 


0.305 


0 . 600 


Temperature 
change 


AT=+30°C 


0 . 007^1 


4 . 546 


7 .454 


0 . 306 


0 . 600 


AT=-3 0°C 


0 . 007?. 


4 . 549 


7.451 


0 . 312 


0 . 600 


Transparent 
substrate 
thickness 
error 


At=+0 . 02mm 


0 . 007^1 


4 .452 


7 . 548 


0.303 


0 . 620 


At=-0 . 02mm 


0.007?l 


4.639 


7.361 


0.314 


0.580 
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[Table 74] 



Example 3-10 



Factors of spherical 
aberration variation 


Wave front 
aberration 

after 
correction 


do 
(Vari- 
able) 


d3 
(Vari- 
able) 


d7 
(Vari- 
able) 


d8 
(Vari- 
able) 


Reference condition 
(?cl = 405nm, T=25°C, 
tl=0 . 100mm) 


0 . 008^ 


6.528 


5.472 


0 .484 


0.100 


Wavelength 
variation 
of LD 


A>.= + 10nm 


0 . 052?l 


6 , 559 


5 . 441 


0 .483 


0 . 100 


A?o=-10nm 


0 .050>„ 


6.509 


5 .491 


0 .484 


0 . 100 


Temperature 
change 


AT=+30°C 


0 .039^ 


6.466 


5.534 


0 .494 


0 . 100 


AT=-30°C 


0.036?i 


6 . 584 


5.416 


0 .474 


0 . 100 


Transparent 
substrate 
thickness 
error 


At=+0 . 02mm 


0,Q20X 


6.290 


5 . 710 


0 .481 


0 . 120 


At=-0 . 02mm 


0 .030X 


6.787 


5.213 


0.486 


0 .080 




Factors of spherical 
aberration variation 


Wave front 
aberration 

after 
correction 


do 
(Vari- 
able) 


d3 
(Vari- 
able) 


d7 
(Vari- 
able) 


d8 
(Vari- 
able) 


Reference condition 
(?L2 = 655nm, T=25°C, 
t2=0 . 600mm) 


0 . 007X 


4 . 069 


7.931 


0.309 


0.600 


Wavelength 
variation 
of LD 


AA.= + 10nm 


0 . 007A, 


4 . 170 


7.830 


0.305 


0 . 600 


AA-=-10nm 


0 . 007X 


3.982 


8 . 018 


0.312 


0.600 


Temperature 
change 


AT=+3 0°C 


0 . 007>. 


4 .231 


7 . 769 


0 .310 


0 . 600 


AT=-30°C 


0 . 007?i 


3 . 921 


8 . 079 


0.307 


0 . 600 


Transparent 
substrate 
thickness 
error 


At=+0 - 02mm 


0 . 007^1 


3 . 912 


8 . 088 


0.303 


0 . 620 


At=-0 . 02mm 


0 .OOlX 


4 .241 


7.759 


0 .313 


0 .580 



Next, the optical pick-up apparatus as an embodiment of 
the present invention will be described referring to Fig. 
129. 
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The optical pick-up apparatus in Fig. 12 9 has: an 
objective lens 3 of the structure 2 elements in 2 groups in 
which the plastic lenses 3a and 3b according to the present 
invention are integrally held by a holding member 3c ; the 
first semiconductor laser 11 which is the first light source 
for the first optical disk 23 whose transparent substrate is 
thick and which has the comparatively lower density and has 
comparatively large wavelength; and the second semiconductor 
laser 12 which is the second light source for the second 
optical disk 24 whose transparent substrate is thin and which 
has comparatively larger density, and has comparatively short 
wavelength; a beam expander 1 composed of the positive lens 4 
and the negative lens 5 which diverge the luminous flux from 
the first light source 11 and the second light source 12 
toward the objective lens 3 and change its divergent angle; 
the first optical detector 41 to receive the reflected light 
from the first optical disk 23; and the second optical 
detector 42 to receive the reflected light from the second 
optical disk 24 through a hologram 17. The objective lens 3 
forms the spot and converges the luminous flux from the beam 
expander 1 for the recording or reproducing onto the 
information recording surface of the first or the second 
optical disks 23 or 24 which are optical information 
recording media. 
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The optical pick-up apparatus shown in Fig. 129 is 
further provide with: an aperture 8 placed before the 
objective lens 3; a beam splitter 62 which separates the 
reflected light from the second optical disk 24 toward the 
second optical detector 42; a 1/4 wavelength plate 72 and a 
focusing lens 2 2 arranged between the beam splitter 62 and 
the second optical detector 42; a beam splitter 61 which 
separates the reflected light from the first optical disk 23 
toward the first optical detector 41; lenses 9 and 16 
arranged between the beam splitter 61 and the second optical 
detector 41; a 1/4 wavelength plate 71 and a collimator lens 
21 arranged between the beam splitters 61 and 62; a lens 15 
arranged between the first light source 11 and the beam 
splitter 61; a 2 -axis actuator 6 to drive the objective lens 
3 for focus tracking as the first drive apparatus; and a 1- 
axis actuator 7 as the second drive apparatus to move the 
negative lens 5 of the beam expander 1 for the correction of 
the spherical aberration of the light converging optical 
system. That is, in the present embodiment, the light 
converging optical system has the beam expander, beam 
splitter, objective lens, and aperture. In this connection, 
in the present embodiment, it may also be regarded that the 
beam splitter is not included in the light converging optical 
system. 
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As described above, according to the optical pick-up 
apparatus of the present invention, the luminous flux from 
the first light source 11 is converged on the information pit 
of the first optical disk 23 of the comparatively lower 
density by the objective lens 3 through the beam expander 1, 
and when the reflected light modulated thereby is received by 
the first optical detector 41 in the reversal path, the 
reproduction can be conducted. Further, the luminous flux 
from the second light source 12 is converged on the 
information pit of the second optical disk 24 of the 
comparatively higher density by the objective lens 3 through 
the beam expander 1, and when the reflected light modulated 
thereby is received by the second optical detector 42 in the 
reversal path, the reproduction can be conducted. Further, 
in the same manner, the recording can be conducted on the 
first or the second optical disk. 

In the case of the recording and reproducing, when the 
negative lens 4 of the beam expander 1 is moved to the 
optical axis direction by the 1-axis actuator 7, and tlie 
interval to the positive lens 5 is changed, the spherical 
aberration can be corrected while the divergent angle of the 
luminous flux is being changed. In this manner, for a 
plurality kinds of optical disks whose transparent substrate 
thickness is different and recording density is different, 
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while the variation of the spherical aberration generated due 
to various causes is cancelled, the recording or reproducing 
can be finely conducted. 

Next, the optical pick-up apparatus of another 
embodiment will be described referring to Fig. 130. When the 
first optical disk whose transparent substrate thickness is 
thick and which has comparatively lower density, is 
reproduced in the optical pick-up apparatus shown in Fig. 
130, the first semiconductor laser 111 (the first light 
source) with the comparatively large oscillation wavelength 
is unitized with the first optical detector 301 and the 
hologram 231 in the laser/detector integration unit 410, and 
the luminous flux emitted from the first semiconductor laser 
111 transmits through the hologram 231, and transmits through 
the beam splitter 190 as the optical composition means, and 
the collimator 13 0, and becomes the parallel luminous flux. 
Further, it is stopped by the aperture 170, and by the 
objective lens 16 0, converged onto the information recording 
surface 210 through the transparent substrate of the first 
optical disk. The objective lens 160 is the 2 group 2 lens 
composition in which the plastic lenses 161 and 162 are 
integrally held by the holding member 163. 

The luminous flux which is modulated by the information 
pit and reflected on the information recording surface 
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transmits through again the collimator 130 and beam splitter 
19 0 through the objective lens 160 and the aperture 170, and 
diffracted by the hologram 231 and is incident on the first 
optical detector 301, and by using its output, the reading 
out signal of the information recorded in the first optical 
disk can be obtained. 

Further, the shape change of the spot on the optical 
detector 301, and the light amount change by the position 
change are detected, and by the 2 dimensional actuator 150, 
the objective lens 16 0 is moved for the focusing and 
tracking . 

Next, when the second optical disk whose transparent 
substrate thickness is thin and which has comparatively 
larger density, is reproduced, the second semiconductor laser 
112 (the second light source) with the comparatively short 
oscillation wavelength is unitized with the second optical 
detector 302 and the hologram 232 in the laser/detector 
integration unit 420, and the luminous flux emitted from the 
second semiconductor laser 112 transmits through the hologram 
232, and is reflected on the beam splitter 190 as the optical 
composition means, and transmits through the collimator 130, 
and becomes the parallel luminous flux. Further, through the 
aperture 170, and the objective lens 160, it is converged 
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onto the information recording surface 22 0 through the 
transparent substrate of the second optical disk. 

Then, the luminous flux which is modulated by the 
information pit of the information recording surface 22 0 and 
reflected thereon, transmits through again the collimator 13 0 
through objective lens 160 and aperture 170, and reflected by 
the beam splitter 190, and diffracted by the hologram 2 32, 
and enters onto the second optical detector 302, and by using 
its output signal, the reading out signal of the information 
recorded in the second optical disk can be obtained. 

Further, the shape change of the spot on the optical 
detector 3 02, and the light amount change by the position 
change are detected, and focusing detection or tracking 
detection is conducted, and according to this detection., by 
2-axis actuator 150, the objective lens 160 is moved for 
focusing and tracking. 

Further, in the present embodiment, on the optical 
detector 3 01 or 3 02, the condition of the spot converged onto 
the information recording surface 220 or 210 is detected, and 
according to this detection, when the collimator 13 0 is moved 
along the optical axis direction by 1-axis actuator 153-, the 
spherical aberration generated on each optical surface of the 
light converging optical system is finely corrected. 
Further, the collimator 13 0 movable along the optical axis 



383 



4803 



direction changes the divergent angle of the luminous flux 
incident on the objective lens 160 corresponding to the 
transparent substrate thickness of the optical disk. 

As described above, according to the optical pick-up 
apparatus shown in Fig. 13 0, for a plurality of kinds of 
optical disks whose transparent substrate thickness is 
different and which has different recording density, while 
the variation of the spherical aberration generated in the 
light converging optical system due to various causes is 
being cancelled, the recording or reproducing can be finely 
conducted . 

As described above, according to the invention 
described in (3-1) to (3-11), it can cope with the increase 
of the numerical aperture (NA) of the objective lens and a 
plurality of kinds of optical information recording media 
having the different transparent substrate thickness, and 
although it is a high performance objective lens, an 
objective lens which is the same as the conventional plastic 
single lens and in the low cost and light weight, can be 
provided. 

Further, according to the invention described in (3-12) 
to (3-45) , an optical pick-up apparatus which has the 
interchangeability so that the recording • reproducing can be 
conducted on a plurality of kinds of optical information 



384 



4803 



recording media having the different transparent substrate 
thickness, and which can effectively correct the variation of 
the spherical aberration generated on each optical surface of 
the light converging optical system and optical pick-up 
apparatus due to the oscillation wavelength change of the 
laser light source, temperature • humidity change, or the 
error of the thickness of the transparent substrate of the 
optical information recording medium, by a simple structure, 
can be provided. Further, it has the interchangeability so 
that the recording • reproducing can be conducted on a 
plurality of kinds of optical information recording media 
having the different transparent substrate thickness, and can 
effectively correct the axial chromatic aberration generated 
in the objective lens due to the mode hop phenomenon of the 
laser light source or the high frequency superimposit ion . 

Referring to the drawings, preferred embodiments of the 
present invention will be described below. Fig. 131 is a 
schematic structural view of the optical pick-up apparatus 
according to the embodiment of 4-1. 

In the optical pick-up apparatus shown in Fig. 131, the 
light converging optical system has: a semiconductor laser 3 
as the light source; a coupling lens 2, to change the 
divergent angle of the divergent light emitted from the light 
source 3, (which is composed of 2 lens group, that is, lens 
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elements 2a and 2b, and the lens element 2a has the positive 
refractive power, and the lens element 2b has the negative 
refractive power. In the following embodiments, it is the 
same) ; an objective lens 1 to converge the luminous flux from 
the coupling lens 2 onto the information recording surface 5 
of the optical information recording medium; and a detector 4 
to light-receive the reflected light from the information 
recording surface 5 of the optical information recording 
medium. The coupling lens 2 and the objective lens 1 
structure the light converging optical system. 

The optical pick-up apparatus shown in Fig. 131 is 
further provided with: a beam splitter 6 to separate the 
reflected light from the information recording surface 5 
toward the detector 4; a 1/4 wavelength plate 7 located 
between the coupling lens 2 and the objective lens 1; an 
aperture 8 placed before the objective lens 8; a cylindrical 
lens 9; and an actuator for focusing - tracking (the first 
drive apparatus : it is the same as in the following 
embodiment s ) 1 0 . 

Further, the objective lens 1 has a flange portion la 
having the surface extending perpendicular to the optical 
axis on its outer periphery. By this flange portion la, the 
objective lens 1 is accurately attached to the optical pick- 
up apparatus. Further, the objective lens 1 can be mo-v^ed to 
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the optical direction for the focusing, and to the 
perpendicular direction with the optical axis for the 
tracking, by the 2-axis actuator 10. 

The coupling lens 2 may be a collimator lens to convert 
the incident luminous flux to almost parallel luminous flux 
to the optical axis. In the present embodiment, in order to 
suppress the variation of the spherical aberration generated 
on each optical surface of the optical pick-up apparatus due 
to the oscillation wavelength change of the semiconductor 
laser 3, temperature • humidity change, or the error of the 
thickness of the transparent substrate of the optical 
inforroation recording medium, the lens element 2a of the 
coupling lens 2 can be moved to its optical axis direction by 
the actuator (the second drive apparatus: it is the same as 
in the following embodiments) 11. 
(Example) 

Next, the example 4-1 of the light converging optical 
system which is applicable to the present embodiment will be 
described. In the example 4-1 and other examples, the 
wavelength of the light source of the semiconductor laser 3 
is 4 05 nm, and the numerical aperture of the objective lens 1 
is 0.85. The aspherical surface in the example 4-1 is 
expressed by the Equation 1. 
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On the one hand, the diffractive surface is expressed 
by the optical path difference function Ob of the Equation 
2 . 

Lens data of the light converging optical system of the 
example 4-1 is shown in Table 75. Further, the schematic 
sectional view of the light converging optical system of the 
present example is shown in Fig. 132, and the spherical 
aberration view is shown in Fig. 133. In the present 
example, by the action of the diffractive structure provided 
on the first surface and the third surface of the coupling 
lens of the structure of 2 elements in 2 groups, the axial 
chromatic aberration generated in the light converging 
optical system is corrected. Further, as shown in Table 76, 
by changing the interval between the lens elements 2a and 2b 
of the coupling lens 2, the spherical aberration generated in 
the light converging optical system due to the wavelength 
variation of the laser light source 3, temperature change, or 
the error of the thickness of the transparent substrate, can 
be corrected. 
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[Table 75] 
Example 4-1 
X 405nm NA 0.85 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Light 
source 




9 .524 






1 


coupling 
lens 




1.200 


1.52491 


56.5 


2 


-41.291 


d2 

(Variable) 






3 




1 .200 


1.52491 


56.5 


4 


-40 . 155 


d4 

(Variable) 






5 


Diaphragm 




0.000 






6 


Obj ective 
lens 


1 . 194 


2 .650 


1 . 52491 


56.5 


7 


-0 . 975 


0.355 






8 


Transparent 
substrate 




0.100 


1 . 61949 


30 . 0 


9 











Aspherical surface coefficient 



Surface No. 2 
K=-6 . 0700E+02 
A4=2 . llOlE-04 
A6=6.3636E-04 
A8=-l . 5044E-04 



Surface No. 7 
K=-2 . 1704E+01 
A4=3 . 0802E-01 
A6=-6 . 3950E-01 
A8=5. 8536E-01 
Aio=-2 . 1562E-01 
Ai2=-2 .5227E-04 



Surface No . 4 
K=-5 .4018E+02 
A4=7 . 6477E-04 
A6=-6 . 5149E-05 
A8=4 .6581E-05 
Aio=-4 . 8124E-06 



Surface No. 6 
K=-6 . 8335E-01 
A4=1.6203E-02 
A6=1.5491E-03 
A8=2 . 8929E-03 
Aio=-3 . 6771E- 04 
Ai2=-3 . 5822E- 04 
Ai4=1.4842E-04 
Ai5=l . 1960E-04 
Ai8=-3 . 0230E- 05 
A2o=-l- 1052E- 05 
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Diffraction surface coefficient 

Surface No . 1 Surface No . 3 

b2=-2 .4126E-02 b2=- 1 . 122 8E-02 

b4=-8 . 7753E-04 b4=-8 . 6150E-04 



[Table 76] 



Example 4-1 



Factors of spherical 
aberration variation 


Wave front 
aberration 


d2 

(Variable) 


d4 

(Variable) 


Reference 
(A,=405nm, T=2 


condition 
5°C, t = 0 . Iram) 


0 . 004?i 


4.000 


6 . 000 


Wavelength 
variation 

of the 
light 

source 


AA,= + 10nm 
AA,= -10nm 


0 . 005?i 
0 . 010?i 


2 . 545 
5.616 


7 .455 
4 .384 


Temperature 
change 


AT=+3 0°C 
AT=-30°C 


0 . OlOA. 
0 . 018X 


2 .279 
6 . 064 


7 . 721 
3 . 905 


Transparent 
substrate 
thickness 
error 


At=+0 . 02mm 
At=-0 . 02mm 


0 . OOSX 
0 . 007A, 


1.551 
7.126 


8 .449 
2 . 874 



(Note) The changed amount ^X=+Q .QS nm/°C of the oscillation 



wavelength of the light source at the temperature 
change 

In this connection, in the present specification 
(including the lens data in Tables), the exponent of 10 (for 
example, 2.5 x 10"^) is expressed by using E (for example, 
2.5 X E -3) . 

Next, the light converging optical system of the second 
example which is usable for the optical pick-up apparatus 
shown in Fig. 145 (described after) will be described. 
Initially, the lens data of the light converging optical 
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system of the present example is shown in Table 77. Further, 
the schematic sectional view of the light converging optical 
system of the present example is shown in Fig. 13 4, and the 
spherical aberration view is shown in Fig. 135. In the 
present example, by the action of the diffractive structure 
provided on the third surface of the coupling lens of the 
structure of 2 elements in 2 groups, and the first surface of 
the objective lens of the structure of 1 element in 1 group, 
the axial chromatic aberration generated in the light 
converging optical system is corrected. Further, as shown in 
Table 78, by changing the interval between the lens elements 
2a and 2b of the coupling lens 2, the spherical aberration 
generated in the light converging optical system due to the 
wavelength variation of the laser light source 3, temperature 
change, or the error of the thickness of the transparent 
substrate, can be corrected. Further, when the divergent 
luminous flux enters into the objective lens 1, as compared 
to the case where the parallel luminous flux passing through 
the aperture of the same diameter enters, the light beam 
passage height of the surface of the light source side of the 
objective lens 1 is increased. In orer to suppress the 
generation of the flare component by the higher order 
aspherical surface at the time, in the present example, the 
aperture to regulate the luminous flux is arranged on the 
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optical information recording medium side from the apex of 
the surface of the light source side of the objective lens 1. 
Example 4-2 
[Table 77] 

X 405nm NA 0.85 



Surface No. 


Remarks 


r (mm) 


d (mm) 




Vd 


0 


Light 
source 




do 

(Variable) 






1 


coupling 
lens 


-18 . 828 


0 . 800 


1 . 52491 


56 . 5 


2 


16.312 


d2 

(Variable) 






3 


69 . 930 


1.200 


1.52491 


56.5 


4 


-11 . 046 


6 . 000 






5 


Diaphragm 




-1 . 000 






6 


Obj ect ive 
lens 


1 . 247 


2 . 750 


1 . 52491 


56.5 


7 


-0. 861 


0 . 330 






8 


Transparent 
substrate 




0 . 100 


1. 61949 


30 . 0 


9 











Aspherical surface coefficient 



Surface No . 1 
K=8.8068E+00 
A4=l . 3574E-03 
A6=-3 . 0031E-02 
A8=-4 . 1461E-04 



Surface No . 6 
K=-7 . 0271E-01 
A4=2 . 0793E-02 
A6=-2 .5985E-03 
A8=4 . 9919E-03 
Aio=-2 .2786E-04 
Ai2=-9.5332E-04 
Ai4=4 . 6404E-05 
Ais=1.7553E-04 
Ai8 = 2 . 1430E-05 
A2o=-2 . 9990E-05 



Surface No. 2 
K=-6 . 6272E+02 
A4=-2 . 0667E-03 
As=-7 .2622E-03 
A8=-7 . 6379E-03 



Surface No. 7 
K=-2 . 7384E+01 
A4=l . 3778E-01 
A6=-3 .2821E-01 
A8=2 . 6291E-01 
Aio=-7 . 8115E-02 
Ai2=-2 . 5227E-04 



Surface No. 4 
K=-3 . 9217E+00 
A4=3 . 7182E-04 
As=8 . 0750E-04 
A8=1.1443E-04 
Aio = 5.3543E-05 
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Diffraction surface coefficient 

Surface No. 3 Surface No. 6 

b2=-l . 6978E-02 b2=-4 . 9893E-03 

b4=7 . 8786E-04 b4= - 3 . 75 9 7E- 04 
b6=-9 . 5788E-04 
b8=-6 .4481E-05 
bl0=3 . 1466E-06 



[Table 78] 



Factors of spherical 
aberration variation 


Wave front 
aberration 


do 

(Variable) 


d2 

(Variable) 


Reference condition 
(l=405nm, T=25°C, t=0 . Imm) 


0. 005?i 


9 .300 


4 . 700 


Wavelength 
variation 

of the 
light 

source 


A?i= + 10nm 
AA,= -10nm 


0 . 007% 
0. 008^ 


9 .385 
9 . 187 


4 . 615 
4 . 813 


Temperature 
change 


AT=+3 0°C 
AT=-30°C 


0 . 018?l 
0 . Q26X 


9.508 
9.079 


4 .492 
4.921 


Transparent 
substrate 
thickness 
error 


At=+0 . 02mm 
At=-0 . 02mm 


0 . 016A, 
0 . 019X 


9 . 818 
8.673 


4 . 182 

5 . 327 



(Note) The changed amount AX=+0 . 05 nm/°C of the oscillation 
wavelength of the light source at the temperature 
change 



Next, the optical pick-up apparatus according to the 
embodiment 4-2 will be described. The optical pick-up 
apparatus shown in Fig. 13 6 has: an objective lens 1 of the 
structure of 2 elements in 2 groups in which the plastic lens 
la and lb are integrally held by the holding member Ic; a 
semiconductor laser 3 as the light source; a coupling lens 2 
to change the divergent angle of the divergent light emitted 
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from the light source 3, (which is composed of lens elements 
2a and 2b) ; and a detector 4 to light -receive the reflected 
light from the information recording surface 5 of the optical 
information recording medium. The objective lens 1 light- 
converges the luminous flux from the coupling lens 2 onto the 
information recording surface 5 of the optical information 
recording medium. 

The optical pick-up apparatus shown in Fig. 136 is 
further provided with: a beam splitter 6 to separate the 
reflected light from the information recording surface 5 
toward the detector 4; a 1/4 wavelength plate 7 located 
between the coupling lens 2 and the objective lens 1; an 
aperture 8 placed before the objective lens 8; a cylindrical 
lens 9; and a 2 -axis actuator 10 for focusing • tracking. 

Further, the objective lens 1 has a flange portion Id 
having the surface extending perpendicular to the optical 
axis on the outer periphery of the holding member Ic. By 
this flange portion Id, the objective lens 1 is accurately 
attached to the optical pick-up apparatus. 

Then, the coupling lens 2 may be a collimator lerxs to 
convert the incident divergent luminous flux to almost 
parallel luminous flux to the optical axis. In this case, in 
order to suppress the variation of the spherical aberra.tion 
generated on each optical surface of the optical pick-u.p 
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apparatus due to the oscillation wavelength change of the 
semiconductor laser 3, temperature • humidity change, or the 
error of the thickness of the transparent substrate of the 
optical information recording medium, the lens element 2a of 
the coupling lens 2 can be moved to its optical axis 
direction . 

Next, the example 4-3 of the light converging optical 
system which is applicable to the present embodiment, will be 
described. Initially, the lens data of the light converging 
optical system of the present example is shown in Table 79. 
Further, the schematic sectional view of the light converging 
optical system of the present example is shown in Fig. 13 7, 
and the spherical aberration view is shown in Fig. 138. In 
the present example, by the action of the dif tractive 
structure provided on the first surface and the third surface 
of the coupling lens 2 of the structure of 2 elements in 2 
groups, the axial chromatic aberration generated in the light 
converging optical system is corrected. Further, as stiown in 
Table 80, by changing the interval between the lens elements 
2a and 2b of the coupling lens 2, the spherical aberration 
generated in the light converging optical system due to the 
wavelength variation of the laser light source 3, temperature 
change, or the error of the thickness of the transparent 
substrate, can be corrected. 
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Example 4-3 
[Table 79] 
X 4 05nTn 



Suirf ace No . 


Remarks 


r (mm) 


d (mm) 




Vd 


0 


Light 
source 




9.557 






1 


coupling 
lens 




1.000 


1.52491 


56 . 5 


2 


-17.290 


d2 

(Variable) 






3 




1 .000 


1 . 52491 


56 .5 


4 


-23 .158 


d4 

(Variable) 






5 


Diaphragm 




0 .000 






6 


Obj ect ive 
lens 


1 . 870 


1 .700 


1 . 52491 


56 . 5 


7 


21 . 104 


0 .600 






8 


0 . 916 


1.100 


1.52491 


56.5 


9 




0 . 150 






10 


Transparent 
substrate 




0 - 100 


1.61949 


30.0 


11 











Aspherical surface coefficient 



Surface No . 2 
K=-2 . 1849E+01 
A4=5.6259E-04 
A6=6.5164E-04 
A8=-9 . 6165E-05 



Surface No . 7 
K=l . 0547E+02 
A4=7.2959E-03 
A6=-l . 8973E-03 
A8=4 . 8022E-04 
Aio=-2 . 1096E-03 
Ai2=6 . 0792E-04 



Surface No . 4 
K=-2 . 6544E+01 
A4=6.8751E-04 
A6=2 .4489E-04 
A8=2 . 9894E-05 



Surface No . 8 
K=-l. 9362E-01 
A4=1.8873E-02 
As=-1 . 7301E-02 
A8=1.1456E-01 
Aio=-1.4290E-01 



Surface No. 6 
K=:-l . 1034E-01 
A4=-6 . 0609E-03 
Ae=-1 .2828E-03 
Ab=-5 .4230E-04 
Aio = -l . 0053E-04 
Ai2=-3 . 1022E-O6 
Ai4=l-3974E-08 
Ai6=-8.2488E-06 
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Diffraction surface coefficient 



Surface No.l 
b2=-9.5885E-03 
b4=-8 . 0888E-04 
b6=-l . 1868E-04 



Surface No. 3 
b2=-9.5292E-03 
b4=-4.2952E-04 
b6=-2 .2554E-04 



[Table 80] 



Factors of spherical 
aberration variation 


Wave front 
aberration 


d2 

(Variable) 


d4 

(Variable) 


Reference condition 
(X=405nm,T=25°C, t=0 . Imm) 


0 . OOlX 


4 . 000 


5 .000 


Wavelength 
variation 
of the 
light 
source 


AA.=+10nm 
AX=-10nm 


0 .004?. 
0 . 005% 


4.130 
3 . 886 


4 .870 

5 . 114 


Temperature 
change 


AT=+30°C 
AT= - 3 0 ° C 


0 . 006X 
0 . 008A, 


4 . 785 
3 .249 


4 .215 

5 .751 


Transparent 
substrate 
thickness 
error 


At=+0 . 02mm 
At=-0 . 02mm 


0 . 007X 
0 . 009X 


1 . 928 
6 .424 


7 . 072 
2 .576 



(Note) The changed amount AA,=+0.05 nra/°C of the oscillation 
wavelength of the light source at the temperature 
change 



Next, the light converging optical system of the 
example 4-4 which is applicable to the optical pick-up 
apparatus shown in Fig. 146 (described after), will be 
described. Initially, the lens data of the light converging 
optical system of the present example is shown in Table 81. 
Further, the schematic sectional view of the light converging 
optical system of the present example is shown in Fig. 13 9, 
and the spherical aberration view is shown in Fig. 140, In 



397 



4803 



the present example, by the action of the diffractive 
structure provided on the third surface of the coupling lens 
2 of the structure of 2 elements in 2 groups, and the first 
surface of the objective lens of the structure of 2 elements 
in 2 groups, the axial chromatic aberration generated in the 
light converging optical system is corrected. Further, as 
shown in Table 82, by changing the interval between the lens 
elements 2a and 2b of the coupling lens, the spherical 
aberration generated in the light converging optical system 
due to the wavelength variation of the laser light source 3, 
temperature change, or the error of the thickness of the 
transparent substrate, can be corrected. 
Example 4-4 
[Table 81] 



X 4 05nm NA 0.85 



Surface No. 


Remarks 


r (mm) 


d (mm) 




Vd 


0 


Light 
source 




do 

(Variable) 






1 


Coupling 
lens 


-125 .213 


0.800 


1. 52491 


56 . 5 


2 


10 . 615 


d2 

(Variable) 






3 




1.000 


1.52491 


56 .5 


4 


-8.470 


5 .000 






5 


Diaphragm 




0 .000 






6 


Obj ect ive 
lens 


1. 944 


1.700 


1.52491 


56.5 


7 


32 . 238 


0 .600 






8 


0 . 959 


1 . 100 


1.52491 


56 . 5 


9 




0.150 






10 


Transparent 
substrate 




0 . 100 


1.61949 


30.0 


11 
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Aspherical surface 

Surface No.l 
K=l . 8394E+03 
A4=:-4 . 6322E-03 
A6=-2 . 1863E-03 
A8=-3 . 0571E-02 



Surface No. 6 
K=-l . 0167E-01 
A4=-6 . 3824E-03 
A6=-l . 0712E-03 
A8=-3 .8459E-04 
Aio=-8 . 7158E-05 
Ai2=2 . 9718E-06 
Ai4=8 .3886E-06 
Ais=-4 . 1865E-06 



coefficient 

Surface No. 2 
K=-4.2244E+01 
A4=-2 .1729E-04 
A6=-7 . 3557E-03 
A8=-1.4106E-02 



Surface No . 7 
K=-3 .4728E+02 
A4=3 . 1109E-03 
A6=8 .4223E-04 
A8=2 .7940E-03 
Aio=-2 . 6177E-03 
Ai2 = l. 0154E-03 



Surface No. 4 
K=3 .7370E-01 
A4=-7 . 5808E-04 
A6=6 .2516E-05 
A8=-l . 3333E-05 
Aio = 5 . 5520E-06 

Surface No . 8 
K=-2 . 9075E-01 
A4=2 . 0673E-02 
A6=-2 .2747E-02 
A8=1.1245E-01 
Aio=-9 . 7095E-02 



Diffraction surface coefficient 



Surface No. 3 
b2=-1.3723E-02 
b4=6 .4381E-04 



Surface No. 6 
b2=-6 . 3411E-03 
b4=-9 . 0875E-05 
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[Table 82] 



Factors of spherical 
aberration variation 


Wave front 
aberration 


do 

(Variable) 


d2 

(Variable) 


Reference condition 
(>.= 4 05nm,T=25°C, t=0 .1mm) 


O.OOl?. 


8 . 000 


5 . 000 


Wavelength 
variation 

of the 
light 

source 


AX.= + 10nm 
AX.= -10nm 


O. 002?i 
O. 001?i 


8 . 128 
7 . 873 


4 . 872 
5.127 


Temperature 
change 


AT=+3 0°C 
AT=-3 0°C 


O . 004A, 

0 . oosA, 


7.837 
8 . 162 


5.163 
4 . 838 


Transparent 
substrate 
thickness 
error 


At=+0 . 02mm 
At=-0 . 02mm 


0 . 003?i 
0 . 006A, 


8.579 
7.357 


4.421 
5.643 



(Note) The changed amount A?i= + 0 . 05 nm/°C of the oscillation 
wavelength of the light source at the temperature 
change 



Next, the light converging optical system of the 
example 4-5 which is applicable to the optical pick-up 
apparatus shown in Fig. 145, will be described. Initially, 
the lens data of the light converging optical system of the 
present example is shown in Table 83. Further, the schematic 
sectional view of the light converging optical system of the 
present example is shown in Fig. 141, and the spherical 
aberration view is shown in Fig. 142. In the present 
example, by the action of the diffract ive structure provided 
on the third surface of the coupling lens 2 of the structure 
of 2 elements in 2 groups, and the first surface of the 
objective lens 1 of the structure of 1 element in 1 group. 
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the axial chromatic aberration generated in the light 
converging optical system is corrected. Further, as shown in 
Table 84, by changing the interval between the lens elements 
2a and 2b of the coupling lens 2, the recording and/or 
reproducing of the information onto the optical information 
recording medium of so-called 3 layer recording system in 
which three layers of the transparent substrate and the 
information recording layer are laminated on one side, can be 
conducted. Further, in the same manner as in the example 4-1 
to the example 4-4, when the recording and/or reproducing of 
the information is conducted on respective information 
recording media, the spherical aberration generated in the 
light converging optical system due to the wavelength 
variation of the laser light source 3, temperature change, or 
the error of the thickness of the transparent substrate, can 
be corrected. 
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Example 4-5 
[Table 83] 

X 4 05nm NA 0.85 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Light 
source 




do 

(Variable) 






1 


coupling 
lens 


-15 . 158 


0 .800 


1.52491 


56 . 5 


2 


15 .692 


d2 

(Variable) 






3 


-32 .332 


1.200 


1.52491 


56 . 5 


4 


-7.369 


6 . 150 






5 


Diaphragm 




-1.150 






6 


Obj ective 
lens 


1 . 247 


2 . 750 


1 . 52491 


56.5 


7 


-0.861 


d7 

(Variable) 






8 


Transparent 
substrate 




d8 

(Variable) 


1.61949 


30 . 0 


9 











Aspherical surface coefficient 



Surface No . 1 
K=2 . 2997E+02 
A4=-l . 2113E-03 
A6=-2.3094E-02 
A8=5 . 7097E-04 



Surface No. 6 
K=-7. 0271E-01 
A4=2 . Q793E-02 
A6=-2 . 5985E-03 
A8=4 . 9919E-03 
Aio = -2.2786E-04 
Ai2=-9 .5332E-04 
Ai4=4 . 6404E-05 
Ais = l . 7553E-04 
Ai8=:2 . 1430E-05 
A2o=-2 . 9990E-05 



Surface No. 2 
K=-7 . 1651E+02 
A4=-5. 0140E-04 
A6=-l. 5428E-02 
A8=-5. 7871E-03 



Surface No. 7 
K=-2 . 7384E+01 
A4=l . 3778E-01 
A6=-3 .2821E-01 
A8=2 . 6291E-01 
Aio=-7.8115E-02 
Ai2=-2 . 5227E-04 



Surface No . 4 
K=-5 . 7990E-01 
A4=5.3861E-05 
A6=8.2843E-04 
A8=1.2847E-04 
Aio=2 .2449E-05 
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Diffraction surface coefficient 

Surface No. 3 Surface No. 6 

b2=-1.6939E-02 b2=-4 . 9893E- 03 

b4=:6 .4086E-04 b4 = -3 . 7597E- 04 
b6=-9.2105E-04 
b8=-4 .4088E-05 
bl0=4 . 2021E-06 



[Table 84] 





First 

recording 

layer 


Second 

recording 

layer 


third 

recording 

layer 


do (Variable) 


9.300 


10.398 


11 . 228 


d2 (Variable) 


4 .700 


3 . 602 


2 .772 


d7 (Variable) 


0.330 


0 . 317 


0.301 


d8 (Variable) 


0 . 100 


0 . 150 


0.200 


Wave front 
aberration 


0 . OOlX 


0 . 010 X 


0 . 008 X 



In the present example, the optical information 
recording medium is 3 layer recording type optical 
information recording medium in which the thickness of the 
transparent substrate between information recording layers is 
0.05 mm, however, in the light converging optical system in 
the present example, the recording and/or reproducing of the 
information, for example, onto the optical information 
recording medium of the multi- layer recording type other than 
the above description can also be conducted. 

Next, the light converging optical system of the 
example 4-6, will be described. Initially, the lens da.ta of 
the light converging optical system of the present example is 
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shown in Tables 85 and 86. Further, the schematic sectional 
view of the light converging optical system of the present 
example is shown in Fig. 143, and the spherical aberration 
view is shown in Fig. 144. In the present example, by the 
action of the diffractive structure provided on the third 
surface and the fourth surface of the coupling lens 2 of the 
structure of 2 elements in 2 groups, the axial chromatic 
aberration generated in the light converging optical system 
is corrected. Further, as shown in Table 87, by changing the 
interval between the lens elements 2a and 2b of the coupling 
lens 2, the spherical aberration generated in the light 
converging optical system due to the wavelength variation of 
the laser light source 3, temperature change, or the error of 
the thickness of the transparent substrate, can be corrected. 
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Example 4-6 
[Table 85] 

A- 405nm NA 0.85 



Surface No. 


Remarks 


r (mm) 


d (mm) 




Vd 


0 


Light 
source 




do 

(Variable) 






1 


coupling 
lens 




1. 000 


1 . 52491 


56 . 5 


2 


-6 . 056 


d2 

(Variable) 






3 




1.000 


1 . 52491 


56.5 


4 


-19 . 860 


5. 000 






5 


Diaphragm 




0 .000 






6 


Obj ective 
lens 


1 . 194 


2 . 650 


1.52491 


56 . 5 


7 


-0 . 975 


0.355 






8 


Transparent 
substrate 




0 . 100 


1 . 61949 


30 . 0 


9 











[Table 86] 



Aspherical surface coefficient 
Surface No. 2 
K=7 . 8224E-01 
A4=-6 . 5522E-04 
As=7 . 6018E-05 
A8=l .4178E-04 



Surface No. 7 
K=-2 . 1704E+01 
A4=3.0802E-01 
A6=-6 . 3950E-01 
A8=5.8536E-01 
Aio=-2 . 1562E-01 
Ai2=-2 . 5227E-04 



Surface No. 4 
K=-7 . 6290E+01 
A4=l . 1179E-03 
A6=5 . 9633E-04 
A8=1.5178E-04 
Aio = 5 . 6734E-05 



Surface No . 6 
K=-6 . 8335E-01 
A4=l . 6203E-02 
As=l . 5491E-03 
A8=2 . 8929E-03 
Aio=-3 . 6771E-04 
Ai2=-3 . 5822E-04 
Ai4 = l .4842E-04 
Ai6 = l . 1960E-04 
Ai8 = -3 . 0230E-O5 
A20=-1.1052E-O5 
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Diffraction surface coefficient 



Surface No. 3 
b2=-1.2117E-02 
b4=-5 . 5463E-04 
b6=-1.6754E-04 
b8=-8 .4468E-05 
bl0=-3 .4341E-06 



Surface No . 4 
b2=-l . 1967E-02 
b4=-3 . 3959E-04 
b6=-6 . 3935E-05 
b8=-6 . 8699E-05 
blO=-1.6431E-05 



[Table 87] 



Factors of spherical 
aberration variation 


Wave front 
aberration 


do 

(Variable) 


d2 

(Variable) 


Reference condition 
(?i=405nm,T-25°C, t=0 . 1mm) 


0 . 004?L 


5.000 


2 . 000 


Wavelength 
variation 

of the 
light 

source 


AA,= + 10nm 
AA.= -10nm 


0 . 004?i 
0 . 006A, 


4 . 956 

5 . 049 


2 . 044 
1 . 951 


Temperature 
change 


AT=+30°C 
AT=-30°C 


0 . OllX 
0 . 014?i 


4 . 906 

5 .093 


2 . 094 
1.907 


Transparent 
substrate 
thickness 
error 


At=+0 . 02mm 
At=-Q . 02mm 


0 . 004A, 
0 . 005X 


4 . 794 
5.205 


2 . 206 
1 . 795 



^^^^ tiLLLiv^i^j.j.t_ ij/t--ru.u-J liiti/ ijj. Ulit; tJtStja. J-XdUli 

wavelength of the light source at the temperature 
change 



In the light converging optical system of the example 
4-1 to the example 4-6, as the material, because the plastic 
whose saturated water absorption is not larger than 0.01 %, 
and internal transmissivity at 3 mm thickness in the using 
wavelength range is not smaller than 90 %, is used, the 
influence on the image formation performance due to the water 
absorption is small, and the utilization efficiency of the 
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light is high, and the mass production is possible at low 
cost by the injection molding. Further, when the plastic 
whose specific gravity is not larger than 2.0 is used, the 
weight of the whole light converging optical system can be 
reduced, and because the burden onto the drive mechanism 
(actuator 10) of the objective lens 1 or onto the drive 
mechanism (actuator 11) of the coupling lens 2 can be 
reduced, the high speed driving or the size reduction of the 
drive mechanism can be attained. 

Fig. 145 is a schematic structural view of the optical 
pick-up apparatus according to the example 4-3. In contract 
to the optical pick-up apparatus shown in Fig. 131, because 
only a point that, by the actuator 11, not the lens element 
2a of the coupling lens 2, but the lens element 2b is moved 
in the optical axis direction, is different, the description 
of the portion other than that is neglected. 

Fig. 14 6 is a schematic structural view of the optical 
pick-up apparatus according to the example 4-4. To the 
optical pick-up apparatus shown in Fig. 146, in the optical 
pick-up apparatus shown in Fig. 146, because only a point 
that, by the actuator 11, not the lens element 2a of ttie 
coupling lens 2, but the lens element 2b is moved in ttie 
optical axis direction, is different, the description of the 
portion other than that is neglected. In this connection, to 
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the optical pick-up apparatus shown in Figs. 145 and 146, any- 
one of the light converging optical system of the example 4-1 
to example 4-6 is applicable. Further, as a modified example 
of the optical pick-up apparatus shown in Figs. 145 and 146, 
it may also be allowable that both of the lens elements 2a 
and 2b of the coupling lens 2 are moved, and thereby, the 
interval is changed. 

According to the present invention, a light converging 
optical system and optical pick-up apparatus by which the 
variation of the spherical aberration generated on each 
optical surface of the optical pick-up apparatus due to the 
oscillation wavelength change of the laser light source, 
temperature • humidity change, or the error of the thickness 
of the transparent substrate of the optical information 
recording medium, can be effectively corrected by a simple 
structure, can be provided. 

Further, according to the present invention, the light 
converging optical system and optical pick-up apparatus by 
which the axial chromatic aberration generated in the 
objective lens due to the mod hop phenomenon of the laser 
light source can be effectively corrected, can be provided. 

Further, according to the present invention, the light 
converging optical system and optical pick-up apparatus which 
are provide with the short wavelength laser light source and 



408 



4803 



the objective lens of high numerical aperture, and by which 
the recording or reproducing of the information can be 
conducted onto a plurality of information recording media 
whose transparent substrate thickness is different, can be 
provided . 
(The 5-1 embodiment) 

Fig. 147 is a view schematically showing the optical 
pick-up apparatus according to the 5-1 embodiment of the 
present invention. 

The optical pick-up apparatus shown in Fig. 147 has: an 
objective lens 1 of 1 element in 1 group lens composition; a 
semiconductor laser 3 as the light source; a coupling lens 2 
of 1 element in 1 group composition to change the divergent 
angle of the divergent light emitted from the light source 3; 
and an optical detector 4 to light -receive the reflected 
light from the information recording surface 5 of the optical 
information recording medium. The semiconductor laser 3 
generates the laser light of the wavelength of not larger 
than 600 nm, and the reproducing of the information recorded 
on the information recording surface 5 in the higher density 
than the conventional optical information recording medium, 
and/or recording of the information onto the information 
recording surface 5 in the higher density than the 
conventional optical disk, can be conducted. 
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The optical pick-up apparatus shown in Fig. 147 is 
further provided with: a beam splitter 6 to separate the 
reflected light from the information recording surface 5 
toward the optical detector 4; a 1/4 wavelength plate 7 
arranged between the coupling lens 2 and the objective lens 
1; an aperture 8 placed before the objective lens 1; a light 
converging lens 9; and a 2 -axis actuator 10 for focusing and 
tracking. In the present embodiment, the light converging 
optical system has: a light source; a beam splitter, a 
coupling lens; a 1/4 wavelength plate; an objective lens; and 
an aperture. In this connection, in the present embodiment, 
it may also be regarded that the beam splitter is not 
included in the light converging optical system. 

Further, the objective lens 1 has a flange portion le 
having the surface extending in perpendicular direction to 
the optical axis. By this flange portion le, the objective 
lens 1 can be accurately attached to the optical pick-up 
apparatus. Further, the coupling lens 2 has the diffractive 
structure to generated the axial chromatic aberration with 
the reversal polarity to the axial chromatic aberration 
generated in the objective lens 1. 

The reproduction of the information from the 
information recording surface 5 of the optical information 
recording medium will be described below. The divergent 
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angle of the divergent light emitted from the semiconductor 
laser 3 is changed by the coupling lens 2, and it is light- 
converged onto the information recording surface 5 of the 
optical information recording medium by the objective lens 1 
through the 1/4 wavelength plate 7 and aperture 8, and the 
luminous flux modulated and reflected by the information pit 
on the information recording surface 5 enters into the 
optical detector 4 through the objective lens 1, aperture 8, 
1/4 wavelength plate 7, coupling lens 2, beam splitter 6, and 
the light converging lens 9, and by the output signal 
generated thereby, the information recorded on the 
information recording surface of the optical information 
recording medium can be reproduced. 

In the case where the information is reproduced as 
described above, when the mode hop phenomenon is generated in 
the semiconductor laser 3, because the semiconductor laser 3 
generates the laser light of the short wavelength with not 
larger than 500 nm, the changed amount of the axial focus 
point is increased at the objective lens 1, and the axial 
chromatic aberration is generated, however, because the axial 
chromatic aberration with the reversal polarity to this axial 
chromatic aberration generated in the objective lens 1 is 
generated in the dif tractive structure of the coupling lens 
2, the wave front when the spot is formed on the information 
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recording surface 5 of the optical information recording 
medium through the light converging optical system including 
the coupling lens 2 and the objective lens 1, is in the 
condition that the axial chromatic aberration is cancelled, 
and as the whole light converging optical system, the axial 
chromatic aberration is finely corrected in the range of the 
wavelength variation of the light source. Further, also in 
the case where the recording of the information onto the 
information recording surface 5 of the optical information 
recording medium, in the same manner as described above, even 
when the mode hop phenomenon is generated in the 
semiconductor laser 3, because the wave front when the spot 
is formed on the information recording surface 5 of the 
optical information recording medium through the light 
converging optical system including the coupling lens 2 and 
the objective lens 1, is in the condition that the axial 
chromatic aberration is cancelled, the recording of the 
stable information can be conducted. 

Next, another optical pick-up apparatus will be 
described referring to Fig. 148. The optical pick-up 
apparatus shown in Fig. 148 is different from that shown in 
Fig. 147, in the point that the objective lens 1 has the 
structure of 2 elements in 2 groups. In Fig. 148, the 
objective lens 1 is composed of the first lens la and the 
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second lens lb, and the first lens la and the second lens lb 
are integrated by the holding member Ic. By the flange 
portion Id of the holding member Ic, the objective lens 1 can 
be accurately attached to the optical pick-up apparatus. 
According to the optical pick-up apparatus shown in Fig. 148, 
in the same manner as in Fig. 14 7, because the axial 
chromatic aberration with the reversal polarity to the axial 
chromatic aberration generated in the objective lens 1 is 
generated in the diffractive structure of the coupling lens 
2, as the whole of the light converging optical system, the 
axial chromatic aberration can be finely corrected in the 
range of the wavelength variation of the light source. 
(The 5-2 embodiment) 

Next, the optical element of the 5-2 embodiment 
according to the present invention will be described. This 
optical element is a diffractive optical element on which the 
ring-shaped diffractive structure is provided, and for 
example, the coupling lens shown in Fig. 14 7 and Fig. 14 8 can 
be composed thereof . 

Fig. 157 is a sectional view (a) of the optical element 
in which the one optical surface (SI) is a plane, and the 
ring-shaped diffractive structure is formed thereon, and 
further, the other optical surface (S2) is an aspherical 
refractive surface, and a front view (b) viewed from the A 
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direction. Although the ring band structure of the SI 
surface is emphasized and drawn in Fig. 157, the actual ring 
band structure is a minute structure in which the ring band 
interval in the direction perpendicular to optical axis is 
about several |im, and the height of the ring band in the 
optical axis direction is about 1 \im. Although the S2 
surface is an aspherical refractive surface, it may be a 
spherical refractive surface, and further, as shown in the 
enlarged view of the S2 surface in Fig. 157(c), the ring- 
shaped diffractive structure may be formed on the aspherical 
surface and/or the spherical refractive surface. In this 
case, when the ring band structure is determined so as to 
satisfy the expression P/A, >20, the cutting processing of the 
mold by SPDT can be conducted. 

Fig. 158 is a view showing the relationship between the 
period (P/X) of the blaze structure when, in the cutting 
processing, the bites in which the radiuses (Rb) of the tip 
portion are respectively 1.0 |im, 0.7 jim, and 0 . 5 jim are used, 
and the blaze structure is formed on the planer substrate, 
and the theoretical value of the first order diffraction 
efficiency. In this connection, the refractive index of the 
substrate is defined as 1.5, and the wavelength (X) is 
defined as 405 nm. 
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As can be seen from Fig. 15 8, even when the bite in 
which the radius Rb of the tip portion is 0.5 |im is used, 
when the period P/A, of the blaze structure is not larger than 
10, the diffraction efficiency becomes not larger than 80 %, 
and the sufficient light utilization efficiency can not be 
obtained. Accordingly, when the period P/X of the blaze 
structure is not larger than 20, specially, when not larger 
than 10, the production method of the diffractive optical 
element by the electronic beam drawing system in which there 
is no possibility that the phase mismatch portion is 
generated, is very effective. 

Next, Examples 5-1 to 5-6 according to the present 
invention will be described. The list of the data of the 
coupling lens, objective lens, and composite systems of them 
is shown in Table 88. 
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The diffractive surface provided on the coupling lense 
of each example is expressed by the mother aspherical surface 
showing the macroscopic shape from which the diffraction 
relief is removed, and the optical path difference function. 
The optical path difference function expresses the optical 
path difference added to the diffracted light of the 
reference wavelength by the diffractive surface, and at the 
place at which the value of the optical path difference 
function is changed by each m^ (m is the diffraction order) , 
the ring-shaped diffractive zone is provided. The optical 
path difference function is expressed by the above expression 
(A) . 

Further, the aspherical surface in the coupling lens 
and the objective lens of each example is expressed by the 
next expression (B) . 

X =(hVr)/{l + v^(l -(1 + k) (hVr^))} +A4h^ + Agh^ + ... 

Where, A4 , AS, aspherical surface coefficient, k: 

conical coefficient; r: paraxial radius of curvature, and r, 
d, n express the radius of curvature of the lens, spacing, 
and refractive index. 
(Example 5-1) 

The present example is an example in which a blue 
violet semiconductor laser of the oscillation wavelength 405 
nm is used as the light source, and as the objective lens, 
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which has the structure of 1 element in 1 group and the 
numerical aperture of 0.85 is used. When the surface of the 
light source side of the coupling lens of the structure of 1 
element in 1 group is formed to the diffractive surface, the 
axial chromatic aberration generated in the objective lens is 
corrected. Further, when the surface of the optical 
information recording medium side of the coupling lens is 
formed to the aspherical surface, the aberration of the 
coupling lens is accurately corrected. Th elans data of 
example 5-1 is shown in Table 89. Further, the optical path 
view of the example 5-1 is shown in Fig. 14 9 and the 
spherical aberration view is shown in Fig. 150. 
Example 5-1 
[Table 89] 



Surface No. 


Remarks 


r (mm) 


d (mm) 




Vd 


0 


Light 
source 




11 . 620 






1 


coupling 
lens 


-55.623 


1.200 


1.52491 


56 .5 


2 


-13 . 188 


9 . 000 






3 


Diaphragm 




0 . 000 






4 


Obj ective 
lens 


1 . 194 


2 .650 


1 . 52491 


56 . 5 


5 


-0 . 975 


0 .355 






6 


Transparent 
substrate 




0 . 100 


1.61949 


30 . 0 


7 
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Aspherical surface coefficient 



Surface No. 2 
K=2.1216E+00 
A4=l. 2133E-03 
A6=6 .4151E-05 
A8=-2 .5180E-05 
Aio=4 . 1328E-06 



Surface No. 4 
K=-6 . 8335E-01 
A4=l . 6203E-02 
Ag^l . 5491E-03 
A8=2 . 8929E-03 



Aio=-3 . 6771E-04 
Ai2=-3 . 5822E-04 



Surface No. 5 
K=-2 . 1704E+01 
A4=3 . 0802E-01 
A6=-6 .3950E-01 
Ag=5. 8536E-01 



Aio = -2 . 1562E-01 
Ai2 = -2 . 5227E-04 



Ai4 = 1.4842E-04 
Ai6=l. 1960E-04 



Ai8=-3 . 0230E-05 
A2o=-l . 1052E-05 



Diffraction surface coefficient 

Surface No.l 
b2=-2 . 7188E-02 
b4=-6.2483E-04 

(Example 5-2) 

The present example is an example in which a blue 
violet semiconductor laser of the oscillation wavelength 405 
nm is used as the light source, and as the objective lens, 
which has the structure of 1 element in 1 group and the 
numerical aperture of 0.85 is used. When the both surfaces 
of the coupling lens of the structure of 1 element in 1 group 
are formed to the diffractive lenses, the axial chromatic 
aberration generated in the objective lens is corrected. 
Further, when the power of the diffraction is shared on 2 
surfaces, the interval of the ring-shaped diffractive zone of 
respective surfaces is about 10 {Xm and largely secured ^ and 
the coupling lens in which there is no lowering of the 
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diffraction efficiency due to the production error, is 
obtained. The lens data of example 5-2 is shown in Table 90. 
Further, the optical path view of the example 5-2 is shown in 
Fig. 151 and the spherical aberration view is shown in Fig. 
152 . 

Example 5-2 
[Table 90] 



Surface No. 


Remarks 


r (mm) 


d (mm) 




Vd 


0 


Light 
source 




18 . 154 






1 


coupling 
lens 


-38 . 058 


1 .200 


1 . 52491 


56 . 5 


2 


-60 . 391 


9 . 000 






3 


Diaphragm 




0 . 000 






4 


Obj ect ive 
lens 


1. 194 


2.650 


1 . 52491 


56 . 5 


5 


-0 . 975 


0 .355 






6 


Transparent 
substrate 




0 . 100 


1.61949 


30.0 


7 











Aspherical surface coefficient 



Surface No. 4 
K=-6 .8335E-01 
A4=1.6203E-02 
A6=1.5491E-03 
A8=2 . 8929E-03 
Aio=-3 . 6771E-04 
Ai2 = -3 .5822E-04 
Ai4 = 1.4842E-04 
Ai6=l. 1960E-04 
Ai8 = -3 . 0230E-05 
A2o = -l - 1052E-05 



Surface No. 5 
K=-2 . 1704E+01 
A4=3 . 0802E-01 
As=-6 . 3950E-01 
A8=5 . 8536E-01 
Aio=-2 . 1562E-01 
Ai2 = -2 . 5227E-04 
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Diffraction surface coefficient 



Surface No . 1 
b2=-1.3614E-02 
b4=-3 . 0799E-04 



Surface No .2 
b2=-1.5816E-02 
b4=2 . 7372E-04 



Further, in the objective lens used for the Examples 5- 
1 and 5-2, the under corrected spherical aberration is 
generated on the short wavelength side, and the over 
corrected spherical aberration is generated on the long 
wavelength side. In the Examples 5-1 and 5-2, by the action 
of the dif tractive structure of the coupling lens, the axial 
chromatic aberration of the whole light converging optical 
system is made over corrected, and the spherical aberration 
curve of the reference wavelength (4 05 nm) and the spherical 
aberration curve on the long • short wavelength side are made 
to be crossed. Thereby, the movement of the best image plane 
when the wavelength of the light source is shifted, can be 
suppressed to small, and the optical system in which the 
deterioration of the wave front aberration is small at the 
time of the mode hop phenomenon of the light source or the 
high frequency superimposition, can be obtained. 

Further, by the action of the diffraction, rather than 
a case where the spherical aberration curve on the long • 
short wavelength side generated in the objective lens is 
corrected so as to be almost in parallel to the spherical 
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aberration curve of the reference wavelength, and the axial 
chromatic aberration of the whole light converging optical 
system is corrected, in a case where, as described above, the 
spherical aberration curve on the long • short wavelength 
side is not corrected, and the axial chromatic aberration of 
the whole light converging optical system is overly 
corrected, thereby, the spherical aberration curve of the 
reference wavelength (405 nm) and the spherical aberration 
curve on the long • short wavelength side are made to be 
crossed, the power of the diffraction is enough to be small, 
therefore, the interval of the ring bands can be increased. 

Further, thee changed amount ACA of the axial chromatic 
aberration is shown by the movement width of the lower end of 
the spherical aberration curves of 405 nm and 415 nm in the 
spherical aberration views of Fig. 150 and Fig. 152, and the 
movement direction is, by the shift of the wavelength of the 
light source toward the long wavelength side, the direction 
in which the back focus is reduced. In this connection, the 
changed amount ASA of the spherical aberration of the 
marginal ray is shown by the width between the upper end of 
the spherical aberration curve of 4 05 nm and the upper end of 
the spherical aberration curve of 415 nm when the spherrical 
aberration curve of 4 05 nm is parallely moved to the position 
at which the lower end of the spherical aberration curve of 
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405 nm overlaps with the lower end of the spherical 
aberration curve of 415 nm. 
(Example 5-3) 

The present example is an example in which a blue 
violet semiconductor laser of the oscillation wavelength 405 
nm is used as the light source, and as the objective lens, 
the lens of the structure of 2 elements in 2 groups and the 
numerical aperture of 0.85 is used. When the both surfaces 
of the coupling lens of the structure of 1 element in 1 group 
are formed to the dif tractive lenses, the axial chromatic 
aberration generated in the objective lens is corrected. 
Further, when the surface on the optical information 
recording medium side of the coupling lens is formed to the 
aspherical surface, the aberration of the coupling lens is 
accurately corrected. 

When the power of the diffraction is shared on 2 
surfaces, the interval of the ring-shaped dif tractive zone of 
respective surfaces is about 13 ^.m and largely secured, and 
the coupling lens in which there is no lowering of the 
diffraction efficiency due to the production error, is 
obtained. The lens data of example 5-3 is shown in Table 91. 
Further, the optical path view of the example 5-3 is shown in 
Fig. 153 and the spherical aberration view is shown in Fig. 
154 . 
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Example 5-3 



[Table 91] 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Light 
source 




11 . 450 






1 


coupling 
lens 


86 .357 


1.200 


1 . 52491 


56.5 


2 


-14 .695 


9 . 000 






3 


Diaphragm 




0 . 000 






4 


Obj ective 
lens 


2 . 074 


2.400 


1 . 52491 


56 .5 


5 


8 . 053 


0.100 






6 


0 . 863 


1 . 100 


1.52491 


56 . 5 


7 




0.240 






8 


Transparent 
substrate 




0 .100 


1 . 61949 


30.0 


9 











Aspherical surface coefficient 



Surface No. 2 Surface No. 4 Surface No. 5 

K-1.5853E+00 K--1 . 2955E-01 K=4.7554E+01 

A4=-2 . 7899E-04 A4=-3 . 7832E- 03 A4=l . 3 64 IE- 02 

A6=-8 .4813E-05 A6=5 . 1667E- 04 A6=- 2 . 92 OlE- 0 2 

A8=4 . 3748E-05 A8= -1 . 17 8 OE- 0 3 A8=- 9 . 3 3 3 9E- 0 3 

Aio=-2 . 0628E-04 Aio=3 . 3 OllE- 02 

Ai2 = 2 . 5941E-05 Ai2=-2 . 2626E- 02 

Ai4=l . 4917E-04 

Ais=-5 . 1578E-05 

Surface No. 6 
K=-7 . 1425E-01 
A4=1.3647E-01 
A6=-5 . 3414E-02 
A8=3 . 0269E-01 
Aio=-l-6898E-01 



Diffraction surface coefficient 



Surface No . 1 
b2=-9 . 9080E-03 
b4=-5 . 8306E-05 



Surface No. 2 
b2=-l . 1457E-02 
b4=3 . 2838E-04 



Example 5-4 
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The present example is an example in which a blue 
violet semiconductor laser of the oscillation wavelength 405 
nm is used as the light source, and as the objective lens, 
the lens of the structure of 2 elements in 2 groups and the 
numerical aperture of 0.85 is used. When the both surfaces 
of the coupling lens of the structure of 1 element in 1 group 
are formed to the diffractive lenses, the axial chromatic 
aberration generated in the objective lens is corrected. 
When the power of the diffraction is shared on 2 surfaces, 
the interval of the ring-shaped diffractive zone of 
respective surfaces is about 13 \lm and largely secured, and 
the coupling lens in which the lowering of the diffraction 
efficiency due to the production error is small, is obtained. 
The lens data of example 5-4 is shown in Table 92. Further, 
the optical path view of the example 5-4 is shown in Fig. 155 
and the spherical aberration view is shown in Fig. 156. 
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Example 5-4 
[Table 92] 



Surface No. 


Remarks 


r (mm) 


d (mm) 




Vd 


0 


Light 
source 




18 . 270 






1 


coupling 
lens 




1.200 


1.52491 


56.5 


2 


-35 .070 


9.000 






3 


Diaphragm 




0 . 000 






4 


Objective 
lens 


2 . 074 


2.400 


1.52491 


56 . 5 


5 


8 . 053 


0 . 100 






6 


0 . 863 


1 . 100 


1 . 52491 


56.5 


7 




0 .240 






8 


Transparent 
substrate 




0 . 100 


1.61949 


30 . 0 


9 











Aspherical surface coefficient 



Surface No. 4 
K=-1.2955E-01 
A4=-3 .7832E-03 
A6=5.1667E-04 
A8=-l . 1780E-03 
Aio=-2 . 0628E-04 
Ai2=2 . 5941E-05 
Ai4 = 1.4917E-04 
Ai6=-5.1578E-05 



Surface No. 5 
K=4 . 7554E+01 
A4=1.3641E-02 
A6=-2 . 9201E-02 
A8=-9 . 3339E-03 
Aio=3 . 3011E-02 
Ai2=-2 . 2626E-02 



Surface No. 6 
K=-7 . 1425E-01 
A4=i. 3647E-01 
A6=-5 .3414E-02 
A8=3 . 0269E-01 
Aio=-l . 689BE-01 



Diffraction surface coefficient 

Surface No.l Surface No . 2 

b2=:-l . 0612E-02 b2 = -8 . 8437E-03 

b4=2 . 1532E-04 b4=- 1 . 7758E- 04 



(Example 5-5) 

The present example is an example in which a blue 
violet semiconductor laser of the oscillation wavelength 405 
nm is used as the light source, and as the objective lens. 
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which has the structure of 1 element in 1 group and the 
numerical aperture of 0.85 is used. When the surfaces on the 
light source side of the coupling lens of the structure of 1 
element in 1 group is formed to the diffractive surface on 
which the ring-shaped diffractive structure is formed, the 
axial chromatic aberration generated in the objective lens is 
corrected. 

Because the minimum interval of the ring band of the 
ring band structure is 3.1 jlm (P/A. = 7.7) in the range of the 
effective diameter, in the mold processing by the SPDT 
(Single Point Diamond Tool) , the unnecessary ordered 
diffractive rays are so much generated, and the sufficient 
diffraction efficiency can not be obtained. Accordingly, 
when the surface which is a base to from the diffractive 
structure, is formed as the plane, the high accuracy mold 
processing by the electronic beam drawing system can be 
conducted. Further, when the surface on the optical 
information recording medium side of the coupling lens is 
formed to aspherical refractive surface, the aberration of 
the coupling lens is accurately corrected. The lens data of 
the example 5-5 is shown in Table 93. Further, the optical 
path view of the example 5-5 is shown in Fig. 15 9, and the 
spherical aberration view is shown in Fig. 160. 
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Example 5-5 



[Table 93] 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Light 
source 




8 .783 






1 


coupling 
lens 




1.500 


1.52491 


55.5 


2 


-8.519 


9. 000 






3 


Diaphragm 




0 . 000 






4 


Obj active 
lens 


1 .495 


3 .420 


1.52491 


56.5 


5 


-1 . 079 


0 .405 






6 


Transparent 
substrate 




0.100 


1. 61949 


30.0 


7 











Aspherical surface coefficient 



Surface No. 2 
K=3 . 6689E4-00 
A4=2 . 9240E-03 
As=6.8648E-05 
A8=l . 6249E-06 



Surface No . 4 
K=-6 . 8372E-01 
A4=8 .2060E-03 
A6=8 . 9539E-04 
A8=2 . 0706E-04 
Aio = l . 5169E-04 
Ai2=-5 . 5781E-05 
Ai4=-6 .4051E-07 
Ai6=6 . 3232E-06 
Ai8=-5 .5076E-07 
A2o=-l - 8235E-07 



Surface No. 5 
K=-2 . 0952E+01 
A4=2 . 1572E-01 
A6=-3 .4704E-01 
A8=2 . 5518E-01 
Aio=-7 . 5892E-02 
Ai2=5 . 5326E-05 



Diffraction surface coefficient 

Surface No.l 
b2=:-2 . 4130E-02 
b4=-1.2410E-03 



(Example 5-6) 

The present example is an example in which a blue 
violet semiconductor laser of the oscillation wavelength 405 
nm is used as the light source, and as the objective lens, 
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which has the structure of 1 element in 1 group and the 
numerical aperture of 0.85 is used. When the surfaces on the 
light source side of the coupling lens of the structure of 1 
element in 1 group is formed to the diffractive surface on 
which the ring-shaped diffractive structure is formed, the 
axial chromatic aberration generated in the objective lens 
and the spherical aberration when the oscillation wavelength 
of the light source is changed, are corrected. 

Because the minimum interval of the ring band of the 
ring band structure is 3.0 |j,m (P/X =7.4) in the range of the 
effective diameter, when the surface which is a base to from 
the diffractive structure, is formed as the plane, the high 
accuracy mold processing by the electronic beam drawing 
system can be conducted. Further, when the surface on the 
optical information recording medium side of the coupling 
lens is formed to the diffractive surface in which the ring- 
shaped diffractive structure is formed on the aspherical 
surface, the aberration of the coupling lens and the 
aberration of the whole optical system are more accurately 
corrected. Because the minimum ring band interval of the 
ring band structure formed on the surface of this optical 
information recording medium side is 14.7 [i.m (P/X, = 36.3) in 
the range of the effective diameter, the sufficient 
diffraction efficiency can be obtained by the mold processing 
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by the SPDT . The lens data of the example 5-6 is shown in 
Table 94. Further, the optical path view of the example 5-6 
is shown in Fig. 161, and the spherical aberration view is 
shown in Fig. 162. 
Example 5-6 
[Table 94] 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Light 
source 




8 . 747 






1 


coupling 
lens 




1.500 


1 . 52491 


56 .5 


2 


-8 . 023 


9 . 000 






3 


Diaphragm 




0 .000 






4 


Obj ective 
lens 


1.495 


3 .420 


1.52491 


56 .5 


5 


-1. 079 


0 .405 






6 


Transparent 
substrate 




0.100 


1 . 61949 


30 . 0 


7 











Aspherical surface coefficient 



Surface No . 2 
K=0 . OOOOE+00 
A4=2 . 2042E-04 
A6=8 . 8017E-04 



Surface No . 4 
K=-6 . 8372E-01 
A4=8 . 2060E-03 
A6=8 . 9539E-04 
A8=2 . 0706E-04 
Aio = l . 5169E-04 
Ai2 = -5 .5781E-05 
Ai4=-6 . 4051E-07 
Ais=6 . 3232E-06 
Ai8=-5 . 5076E-07 
A20--1.8235E-07 



Surface No . 5 
K=-2 . 0952E+01 
A4=2 . 1572E-01 
A6=-3 .4704E-01 
A8=2 .5518E-01 
Aio=-7 . 5892E-02 
Ai2=5.5326E-05 



431 



4803 



Diffraction surface coefficient 



Surface No.l 



Surface No . 2 
b2=O.OOO0E+00 
b4=3 . 0446E-03 
b6=-l . 0088E-03 
b8=6 . 2191E-05 



b2=-2 .2191E-02 
b4=-3 . 8575E-03 
b5=9.2001E-04 
b8=-1.4435E-04 



bl0=6 .5823E-06 

Incidentally, a coefficient of diffractive surface in 
the lens data was determined in Examples 5-1 - 5-6 so that 
the first ordered diffracted ray have the greatest amount of 
diffracted ray among diffracted rays generated on the 
diffractive surface. 
(Example 5-7) 

The present example is one wherein a short wavelength 
light source with a wavelength of 405 nm is used as a light 
source, and a lens having the structure of 2 elements in 2 
groups and a numerical aperture of 0.85 is used as an 
objective lens. Axial chromatic aberration generated on the 
objective lens was corrected by providing a diffractive 
surface on each of both surfaces of a coupling lens that is 
of the structure of 1 element in 1 group. Diffracting power 
necessary for correcting chromatic aberration was allocated 
to two surfaces, and a coefficient of the diffractive surface 
was determined so that the 2^"^ ordered diffracted ray have 
the greatest amount among any other ordered diffracted rays. 
Therefore, an interval of the diffracting ring-shaped zone on 
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each, surface is secured to be as large as about 2 0 p.in, 
resulting in a coupling lens having less decline of 
diffraction efficiency caused by errors in manufacturing. It 
was further possible to select freely an angle of incidence 
for marginal ray of incident light in the course of design 
because the surface on the light source side was a 
diffract ive surface, which resulted in a highly efficient 
coupling lens wherein coma as well as spherical aberration 
are corrected more accurately. Incidentally, the coupling 
lens in the present example was formed with olefin resin. 
Table 95 shows lens data in Example 5-7. Further, an optical 
path diagram in Example 5-7 is shown in Fig. 163, and a 
spherical aberration diagram is shown in Fig. 164, The 
spherical aberration diagram shows that a focal point hardly 
moves independently of a wavelength. 

Incidentally, since all materials for optical elements 
of a light -converging optical system in Examples 5-1 - 5-7 
are plastic materials, optical elements which are light in 
weight and are low in cost can be manufactured on a mass 
production basis. Further, in Table 86 - Table 95, E (or e) 
is used for expression of an exponent of 10, exemplifying, 
for example, E - 02 (= 10"^) . 
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Example 5-7 



[Table 95] 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Light 
source 




5 . 178 






1 


Transparent 
substrate 




0 .250 


1. 53020 


64 . 1 


2 




5.000 






3 


Polarized 

beam 

splitter 




6 .000 


1.53020 


64 . 1 


4 




5 .000 






5 


Coupling 
lens 


-27 . 220 


1.200 


1.52491 


56 . 5 


5 


-20 . 660 


10 .000 






7 


Diaphragm 




0 .000 






8 


Objective 
lens 


2 .074 


2.400 


1.52491 


56 .5 


9 


8 . 053 


0 . 100 






10 


0.863 


1.100 


1.52491 


56 . 5 


11 




0 .240 






12 


Transparent 
substrate 




0.100 


1 . 61949 


30.0 


13 











Aspherical surface 

Surface No . 8 
K=-l .2955S-01 
A4=-3 .7832E-03 
A6=5 . 1667E-04 
Ag=-1 . 1780E-03 
Aio=-2 . 0628E-04 
Ai2=2 .5941E-05 
Ai4=1.4917E-04 
Ai6 = -5 . 1578E-05 



^ef f icient 

Surface No. 9 
K=4 . 7554E+01 
A4=l . 3641E-02 
A6=-2 . 9201E-02 
A8=-9 . 3339E-03 
Aio = 3 . 3011E-02 
Ai2=-2 .2626E-02 



Surface No. 10 
K=-7 . 1425E-01 
A4=1.3647E-01 
As=-5 . 3414E-02 
A8=3 . 0269E-01 
Aio=-l. 6898E-01 



Diffraction surface coefficient 

Surface No . 5 Surface No . 6 

b2 = -5 . 6394E-03 b2 = - 5 . 3 607E- 03 

b4=-4 .2871E-06 b4=-5 . 2774E-07 



According to the present invention, a coupling lens, 
light converging optical system, optical pick-up apparatus. 
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recording apparatus and reproducing apparatus by which the 
axial chromatic aberration generated in the objective lens 
due to the mode hop phenomenon of the laser light source can 
be effectively corrected, can be provided. Further, an 
optical element having the diffractive structure used for the 
optical pick-up apparatus the optical pick-up apparatus, and 
the diffractive optical element having the shape in which the 
diffractive structure can be formed by the electronic beam 
drawing system, and optical pick-up apparatus having such the 
diffractive optical element can be provided. 



